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CAUTION 


The experimentation with, and the use of, pyrotechnic materials can be dangerous; it is felt to be important for the reader to 
be duly cautioned. Anyone without the required training and experience should never experiment with nor use pyrotechnic 
materials. Also, the amount of information presented in this dictionary is not a substitute for the necessary training and ex- 
perience. 


A major effort has been undertaken to review this text for correctness. However, it is possible that errors remain. Further, it 


must be acknowledged that there are many areas of pyrotechnics, fireworks in particular, for which there is much “common 


knowledge”, but for which there has been little or no documented research. For the sake of completeness, this dictionary 


certainly contains some of this unproven common knowledge. It is the responsibility of the reader to verify any information 


herein before applying that information in situations where death, injury, or property damage could result. 


PREFACE 


Many areas of applied pyrotechnics, fireworks in particular, suffer from a lexicon that contains many specialized 
terms, that is poorly documented, and about which there is much disagreement. The Illustrated Dictionary of Py- 
rotechnics is intended as an aid in comprehending and communicating the complex subject of pyrotechnics. It 
contains craft terms from fireworks, rocketry, and pyrotechnic special effects; scientific terms; and terms from 
related fields such as explosives. In most cases, the entries are not simply definitions, but rather they are explana- 
tions, often with examples, illustrations, and tables to help in understanding the subject. Contributors with wide 
ranging expertise have reviewed the dictionary for correctness. However, in some cases, compromises were made 
between divergent points of view, and between technically correct and common usage of terms. 


To aid in comprehension, without adding unnecessarily to the length of the dictionary, cross references are in- 
cluded. For example, following the explanation of a Chemical Bond, references are given for Covalent Bond, 
Ionic Bond, and Metallic Bond. However, to save space, cross references for terms used within a definition are 
not listed. For example, the terms Atom, Electron, and Potential Energy are used in the explanation of Chemical 
Bond. These terms are defined in the dictionary but are not specifically referenced following the explanation of a 
chemical bond. 


In this dictionary, to aid somewhat in grouping terms with common subjects, “blanks” between words are as- 
signed an alphabetical ranking before the letter “a”. Accordingly, the terms Color Purity, Color Species, and 
Color Spectrum appear before the terms Colored Heart and Colored Smoke. Again to aid in grouping terms with 
common subjects, occasionally they are inverted; for example, the two terms “Detonation” and “Detonation, 
Mass” appear together. 


Included with the definition of most chemicals is information concerning “Hazard Ratings”. This information is 
based on the Hazard Rating system employed by the J.T. Baker Company. For more information concerning this 
rating system, see the information contained the definition “Hazard Ratings for Chemicals”. 


The authors gratefully acknowledge the work of many others to present and clarify the subject of pyrotechnics. At 
the end of this dictionary is a list of many of the references consulted in its preparation. 


The Illustrated Dictionary of Pyrotechnics is being printed in a continuing series of very small press runs. Ac- 
cordingly, if errors are identified by users and shared with the publisher, it will be relatively easy to correct them 
in future runs. It is also anticipated that the dictionary will be substantially expanded in a few years. Thus, sugges- 
tions by readers for additional terms to be included will be appreciated. 


Acceptor Charge - That explosive which receives the 

Sy impetus from an explosive such as in a gap test. 
A - Symbol for ampere. Accessory Fuel - (Also Flame Deoxidizer) - A fuel of 
low chemical reactivity used in combination with a 
A-Blasting Powder - The type of Black Powder made reactive metal fuel. Accessory fuels may be effective 
with potassium nitrate and having granulations suit- in helping reduce the loss of desirable color species 
able for quarrying (blasting). A-blasting powders are | and the formation of undesirable oxides. This is espe- 
usually indicated with an “A” in their granulation | cially noticeable as adversely colored flame tips. Fol- 
designation. Following is a list of A-blasting powder | Jowing is a list of intended flame colors, the undesir- 


granulations and the screen meshes that define those able oxides and the oxide flame colors. 

granulations. Not more than 3% is retained on the 

coarser screen; not more than 12% passes the finer Intended Flame 

screen. Flame Color Oxide Oxide Color 

Granulation Mesh Range ee a 2 

FA 3-5 Mesh Red SrO Orange 
2FA 4— 12 Mesh naan cd 
3FA 10 — 16 Mesh In each case, the formation of oxides in the flame tips 
4FA 12 — 20 Mesh acts to weaken the intended colors. Because blue 
5FA 20 — 50 Mesh flames are intrinsically weak, the adverse effect of 
6FA 30 — 50 Mesh CuO is particularly undesirable. It has been theorized 
TFA 40 — 100 Mesh that oxides tend to form at the flame tips because of 


the mixing with atmospheric oxygen. 


(Also see Meal Powder.) It is further theorized that the use of low activity (ac- 


cessory) fuels may be effective in reducing the for- 
mation of oxides because the accessory fuels react 
with atmospheric oxygen and tend to keep the flame 
tips from becoming oxygen rich. Examples of acces- 
sory fuels are hexamine, lactose, and stearic acid. 
Note that these ingredients are common in high qual- 
ity blue flame formulations, and supports the flame 
deoxidizer theory. 


Absorption - The property of a material to take up and 
hold a gas or liquid within its bulk volume. Silica gel 
for example absorbs water and incorporates it into its 
physical gel structure. Acetone absorbs large quanti- 
ties of acetylene gas and is used in welding tanks, 
where it also acts to prevent the acetylene from ex- 
plosively polymerizing. (Contrast with Adsorption). 


Absorptivity - A measure of the efficiency of the ab- 
sorption of radiant energy by a surface. In this proc- 
ess, incident electromagnetic radiation (photons), 
through interaction with atomic electrons, is trans- 
formed into thermal agitation of atoms and molecules 
(thermal energy). The absorptivity of a surface is the 
ratio of the radiant energy absorbed to the total en- 
ergy incident upon it. Thus it ranges from 0 to 1, with Hazard ratings: Health [1], Flammability [3], Reac- 
a perfect absorber (black body) having an absorptiv- | _ tivity [0], and Contact [1]. 
ity of 1. (Also see Emissivity, and Kirchoff’s Law.) 


Accroides Gum - See Red Gum. 


Acetone - [CH;COCH3;] - A chemical compound; a 
colorless, flammable liquid. Acetone is commonly 
used as a solvent for nitrocellulose and with other 
non-aqueous binders, e.g., Parlon™. 


Acid - A chemical capable of providing an excess of 


AC - Abbreviation for alternating current. hydronium ions (H;0’) relative to hydroxide ions 
(OH _) in an aqueous solution. 


Acaroid Resin - See Red Gum. 
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Acidic - Describes a solution in which hydronium ions 
(H30°) predominate over hydroxide ions (OH) 
Acidic solutions have pH values less than 7. 


Acoustic Impedance - That characteristic of a medium 
which can be used to determine the fraction of me- 
chanical energy that can be transmitted and/or re- 
flected by that medium. It is the product of speed of 
sound and the density of the medium. 


Activation Energy (E,) - (Also Energy of Activation) 
The energy required to initiate a reaction or process. 
In pyrotechnic chemistry, it can be defined as the 
amount of energy required to raise a small amount of 
pyrotechnic composition to its ignition temperature. 
The following figure illustrates the relationship be- 
tween activation energy and heat of reaction, which is 
the net energy produced by the chemical reaction. 


Reactants 


d Activation Energy 


Heat of Reaction 


Internal Energy 


Reaction Progress 


Initially, as energy is added to the system to raise its 
temperature to the ignition temperature, there is an 
increase in internal energy. Then, as the reaction be- 
gins in earnest (burning starts), energy is released to 
the surroundings, and internal energy decreases. It is 
possible to think of the “Energy In” part of the reac- 
tion as when existing chemical bonds are being bro- 
ken and the “Energy Out” part as when new bonds 
are being formed. 


It is the activation energy requirement (barrier) that 
keeps pyrotechnic compositions from spontaneously 
reacting. The following illustration compares the ac- 
tivation energy barrier for two identical compositions, 
except that one uses potassium chlorate and the other 
uses potassium perchlorate. The much lower activa- 
tion energy barrier for potassium chlorate composi- 
tions makes them easier to ignite. However, this is 
also why accidental ignitions are more likely with po- 
tassium chlorate compositions. 
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Energy 


Potassium Perchlorate 


Potassium Chlorate 


Reaction Progress Reaction Progress 


Additive - A material added to a basic pyrotechnic 


formulation, usually in small amounts, for achieving 
a specific purpose. 


Additive Purpose 

Barium carbonate Acid Neutralizer 
Dextrin Binder 

Iron oxide Burn Catalyst 


Polyvinyl chloride Chlorine Donor 
Potassium bicarbonate Glitter Delay Agent 
Potassium dichromate Corrosion Pacifier 
Strontium carbonate Color Agent 
Titanium Spark Production 


Adiabatic - Describes a process in which there is no 


exchange of heat with the surroundings. However, it 
is also commonly used to describe processes in which 
there is some, but relatively little, exchange of heat 
with the surroundings, thus only approximating adia- 
batic behavior. 


Adsorption - The action whereby chemical species, 


such as gases, adhere to the surface of another sub- 
stance. One substance well known for its adsorptive 
properties is charcoal. The ability of charcoal to ad- 
sorb sulfur dioxide gas, when charcoal is milled with 
sulfur during the manufacture of Black Powder, is felt 
by some to contribute significantly to its reactivity. 


Aerial Bomb - See Aerial Display Shell, preferred 


terminology. 


Aerial Display Shell - (Also Aerial Shell and Shell) - 


Generally a cylindrical or spherical shell casing (pro- 
jectile) containing stars or other effects, with a quick 
match shell leader, time fuse, and a lift charge. Aerial 
shells produce displays high in the sky. They range in 
size from less than 3 to more than 12 inches (76 to 
305 mm), with 3 to 6 inch (76 to 155 mm) shells be- 
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ing the most common. The following figure illustrates 
some basic aspects of aerial display shell construction. 


Quick Match 
Shell Leader 


" Ground Level + : 


_ Buried Mortar — 


Paper Wrap } — 
Fireworks Stars ~ 

& Break Charge 
Shell Casing 


Time Fuse ao7 
Shell Lift Charge —— 


Aerial display shells can be classified by their manner 
of construction. (See Bottom-Fused Shell, Cylindrical 
Aerial Shell, Multi-Break Aerial Shell, and Spherical 
Aerial Shell.) They can also be classified by the dis- 
play produced. (See Salute Shell, Parachute Shell, 
Component Shell, Daylight Shell, and Shell of Shells.) 


Aerial Display Shell Malfunctions - The performance 
of an aerial display shell in a manner other than in- 
tended or desired. Aerial shells can malfunction for a 
number of reasons. Some malfunctions may be caused 
by manufacturing defects; others may be caused by 
inappropriate handling or use. Following is a diagram 
of the proper functioning and some malfunctions of 
aerial shells. The main vertical column describes a 
properly functioning aerial shell, whereas the columns 
to the right and left describe various malfunctions. 


Possible malfunctions include: premature ignition, 
hangfire, misfire, flowerpot, shell-detonation, muzzle- 
break, dud, low-break, burning debris falling to the 
ground, and dud components. Note: when proper pro- 
cedures are followed, very few of these malfunctions 
should cause injury to the crew and essentially none 
should cause injury to a spectator. 
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Load Shell 
into Mortar 


Nothing 


Premature 


Ignition 


Ignite 
shieii Leader 


Nothing 
Hangfire 


few sec. 


Nothing 
Misfire 


>15 min. 


Shell Explodep 
Prematurely 


Shell Fires 
into Air 


Remove Shell 
Inside Morta Just Above from Mortar 
Flower Pot Mortar 
Detonation Muzzle Brea 


Shell Never Low Break oi 
Breaks on Ground 
Dud 
Y 
Find Dud 


Hits Ground 
Dispose of 
hell 


at Altitude 


Some Compon| 
Don't Function 


Find Dud 
Component 


All Componentg 
Are Consumed 
at Altitude 


Dispose of 
Dud Compon]. 
NORMAL MALFUNCTIONS 
FUNCTIONING 


Aerial Shell - See Aerial Display Shell. 


| MALFUNCTIONS 


Aerial Shell Size - Aerial display shells are classified 


according to the internal diameter of the mortar from 
which they are intended to be fired. That is to say a 3 
inch (76 mm) aerial shell is intended to be fired from a 
mortar with a 3 inch (76 mm) inside diameter. Accord- 
ingly, to provide clearance in the mortar, the actual 
diameter of aerial shells is less than their stated size. 
Three inch aerial shells tend to have approximately 4 
inch (6 mm) clearance; this ranges up to approximately 
inch (13 mm) clearance for a 12 inch (305 mm) shell. 


Several countries use the metric equivalent of English 
shell sizes. A metric conversion table for aerial shell 
sizes follows. 


Aerial Shell Sizes 
(inches) (mm) 

3 76 

4 102 

5 127 

6 155 

8 205 

10 255 

12 305 

[Continued] 
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Shells of these sizes are truly equivalent, and, for ex- 
ample, a 3 inch shell can be fired from a 76 mm mot- 
tar, or vice-versa. However, some countries use true 
metric shell sizes, for which there is no English 
equivalent. An attempt to use an English size mortar 
for a true metric size shell may cause problems with 
shells not loading freely or with low burst heights. 


Some countries use totally different shell size units. 
For example, traditional Japanese aerial display shell 
sizes are in “Suns”, where 1 Sun is 1.19 inches (30 
mm). 


Aero Model - A miniature flying model, e.g., model 
rockets. 


AFSL - Abbreviation for American Fireworks Stan- 
dards Laboratory. 


AHJ - Abbreviation for authority having jurisdiction. 
Air Gap Test - See Gap Test. 


Air Launch - A system for launching aerial display 
shells using compressed air instead of burning Black 
Powder. One system in development uses multiple 
filament wound mortars assembled on a turret, which 
rotate to the firing position over a valved, compressed 
air cylinder. An electronic circuit in the aerial shell is 
activated just before the shell is expelled and pro- 
vides the firing current to burst the shell after a preset 
delay. The turret and mortars are aimed with air cyl- 
inders. The combination of mortar aiming and the air 
pressure upon firing, determine the trajectory of the 
aerial shell. The whole process is computer controlled 
allowing shell bursts to be accurately timed and posi- 
tioned in the sky. 


Air Shock Wave - See Blast Wave. 


Air Start - The delayed ignition (after launching) of 
outboard motors in a complex high power rocket us- 
ing a cluster of motors. The term is also used to de- 
scribe the ignition of upper stages of a multi-stage 
rocket. The delay before ignition may be accomplished 
through fusing or by electrical means. 


Airburst - A pyrotechnic special effect normally sus- 
pended in the air. An airburst is used to simulate out- 
door aerial fireworks shells without producing poten- 
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tially hazardous debris. Following is a sketch illus- 
trating the construction of one type of airburst. 


Air Burst Flash Powder 


Cable Tie 


<— Electric 
Match 


+ 
t+ 
+ 


Titanium Particles 


Flash-Paper Bag 


Air Float - See Charcoal, Air Float. 
Al - Chemical symbol for the element aluminum. 


Alkali Metals - The chemical group consisting of: 
lithium, sodium, potassium, rubidium, cesium, and 
francium. (Also see Chemical Groups.) 


Alkaline Earth Metals - The chemical group consist- 
ing of: beryllium, magnesium, calcium, strontium, 
barium, and radium. (Also see Chemical Groups.) 


All-Fire Current - The minimum electric current that 
must be applied to an electric match, for no longer 
than 5 seconds, to produce 100 ignitions in 100 trials 
of electric matches drawn randomly from production. 
For electric matches commonly in use, the all-fire cur- 
rent is approximately 0.5 amperes; however, the rec- 
ommended firing current is approximately 1 ampere. 


Alloy - A homogeneous combination of two or more 
metals melted together. These are not mixtures in the 
conventional sense since they can never again be 
separated by physical means. The ratios of the metals 
in the alloy can vary widely and affect the pyrotech- 
nic performance; thus the ratios used should be 
stated. Some examples of alloys used in pyrotechnics 
and common ratios of their elements are: 


Name Elements Ratio 
Magnalium Mgand Al —_ 50/50 
Ferroaluminum Fe and Al 35/65 
Ferrotitanium Fe and Ti 30/70 
Calcium silicide Ca and Si 50/50 


Aluminum - [Al] - A chemical element; a reactive metal 
fuel; has a cubic crystal structure. In pyrotechnics, it 
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is most commonly used in the form of fine flakes or 
atomized particles, which range from bright silver to 
dark gray in appearance. (See Metal Powder Types.) 


In fireworks: Aluminum is most commonly used as 
the energetic fuel in flash powder. Aluminum, or its 
alloy magnalium, seems to be an essential ingredient 
in producing glitter effects. It is also commonly used 
as a white spark producing material and sometimes as 
a flame brightening fuel. 


In rockets: Aluminum is a high energy fuel in some 
composite rocket propellants. 


Hazard ratings: Health [1], Flammability [1 to 4], Re- 
activity [2], and Contact [1]. 


Ambient - Denotes the immediate environment of an 
event or experiment. Thus the ambient temperature 
for an experiment conducted on a bench top in the 
laboratory would simply be the room temperature. 
Ambient pressure for an explosion taking place at 
high altitude is the air pressure at that altitude. (Also 
see Standard Temperature and Pressure.) 


American Fireworks Standards Laboratory - (Also 
AFSL) - An organization proposing voluntary stan- 
dards for the construction and performance of con- 
sumer fireworks. It has also established a program to 
monitor imported consumer fireworks for compliance 
with the standard. 


American Pyrotechnics Association - (Also APA) - 
A trade association promoting fireworks. 


Ammonium Chloride - [NH,Cl] - A chemical com- 
pound; a white powder; has a cubic crystal structure. 


In special effects and fireworks: Ammonium Chloride 
can be used to produce white smoke upon heating 
(vaporizing). 


Health rating: Health [1], Flammability [0], Reactiv- 
ity [0], and Contact [1]. 


(Also see Physical Smoke). 
Ammonium Nitrate - (Also AN) - [NH,NO;3] - A 
chemical compound; a white powder; an oxidizer; 


has an orthorhombic crystal structure. It is commonly 
used as fertilizer. 
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In fireworks and rockets: Ammonium nitrate is too 
hygroscopic for easy use. However, it has occasion- 
ally been used in rocket propellant compositions. 


In explosives: Ammonium nitrate is the major com- 
ponent in ANFO (ammonium nitrate/fuel 011), which is 
the most extensively used commercial blasting agent. 


Hazard ratings: Health [1], Flammability [0], Reac- 
tivity [3], and Contact [2]. 


Ammonium Perchlorate - (Also AP) - [NHyClO,] - A 


chemical compound; a white powder; an oxidizer; 
has a rhombic crystal structure. 


In fireworks: Ammonium perchlorate is most com- 
monly used as an oxidizer in strobing compositions. 
It is occasionally used as the oxidizer in color formu- 
lations, producing rich colors, but which are gener- 
ally slow burning. 


In rockets: Ammonium perchlorate is, almost exclu- 
sively, the oxidizer used in composite rocket propel- 
lants. 


Hazard ratings: Health [1], Flammability [0], Reac- 
tivity [3], and Contact [2]. 


Amorphous - Describes a non-crystalline solid that 


does not have a definite geometric structure, e.g., glass. 


Ampere - (Also A) - The unit of electrical current. One 


ampere is defined as the flow of one coulomb of elec- 
tric charge per second. 


Amplitude - The extent, range or maximum value of 


some characteristic or process. For example, the am- 
plitude of a sound wave is the maximum recurring 
pressure. 


Value 


A= Amplitude 
W = Wavelength 


Distance 


amu - See Atomic Mass Unit. 
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AN - Abbreviation for ammonium nitrate used in rock- 
etry and explosives. 


ANFO - Abbreviation for ammonium nitrate/fuel oil, a 
blasting agent. 


Anhydrous - Without water. Many chemicals such as 
calcium sulfate (CaSO,) and alcohol can absorb wa- 
ter. Materials where this water has been removed, 
typically by the application of heat, are said to be an- 
hydrous. Often, adding water to anhydrous materials 
initiates an exothermic chemical reaction, this is why 
plaster of Paris heats when it cures. 


When using a chemical that contains absorbed water, 
in a pyrotechnic composition, the composition pro- 
duces somewhat less energy upon burning. The rea- 
son is energy is consumed in the process of driving 
off the absorbed water. Thus, hydrated chemicals are 
not as energetic as their anhydrous counterparts. 
(Also see Water of Hydration and Hygroscopic.) 


Anti-Caking Agent - A chemical typically added in 
small amounts (<1%) to another chemical (often oxi- 
dizers) for the purpose of preventing or reducing its 
tendency to cake, i.e., to fuse together into a large 
mass (lump). 


Anti-Stat - See Electrostatic Dissipative. 


Antimony Sulfide - See Antimony Trisulfide, pre- 
ferred terminology. 


Antimony Trisulfide - (Also Chinese Needle) - [Sb2S3] 
- A chemical compound; a dark gray to black pow- 
der; a fuel; has a rhombic crystal structure. It occurs 
as the mineral stibnite. 


In fireworks: Antimony trisulfide is most commonly 
used in glitter compositions and some charcoal comet 
stars without aluminum. It is less commonly used as a 
fuel in flash powder; note that its presence in flash 
powder makes the mixture more sensitive to acciden- 
tal ignition. Occasionally, it is used as a fuel in white 
stars. 


Hazard ratings: Health [3], Flammability [1 to 3], Re- 
activity [2], and Contact [1]. 


AP - Abbreviation for ammonium perchlorate used in 
rocketry and explosives. 
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APA - Abbreviation for the American Pyrotechnics 
Association. 


Apogee - The highest point reached in the trajectory of 
an object. 


In rocketry: Apogee is the highest point in the flight 
of a model or high power rocket and ideally occurs 
about the same time as ejection of the recovery de- 
vice. 


Aqueous - Pertaining to water, i.e., an aqueous solu- 
tion contains some substance(s) dissolved in water; 
an aqueous binder uses water as its solvent. 


Area Ratio (Rocketry) - The ratio of the burning grain 
area to the area of the nozzle throat; often designated 
as K,. A design that has 100 cm’ of exposed burning 
propellant and a nozzle throat diameter of 8 mm will 
have an area ratio of 


100 cm? 
K, = ————— = 200. 

(4 mm)” 
For a given propellant, area ratio is used to predict 
chamber pressure and thrust. For some composite 
propellants, the chamber pressure may vary by as 
much as the fifth power of K,. For ammonium per- 
chlorate/polybutadiene propellants a K, between 90 
and 150 may chuff, consequently, values higher than 
150 should be used for these propellants. As K,, in- 
creases during the burning of a progressive grain, so 
does the chamber pressure, burn rate, and thrust. Ac- 
cordingly, maximum K, values must also be consid- 
ered in the design to prevent casing ruptures or a 
transition to a higher value of the burn rate exponent. 
(Also see Nozzle, and Expansion Ratio.) 


Armstrong’s Mixture - A very sensitive and very 
dangerous explosive mixture containing red phospho- 
rus and potassium chlorate. For relative safety, mix- 
ing is only possible when the components are wet. 
Armstrong’s Mixture is used to make toy caps. This 
or any composition containing red phosphorus should 
never be produced or handled in an area where other 
pyrotechnic materials are or will be handled. 


Arrhenius Equation - The rates of chemical reactions 
increase dramatically with increasing temperature. 
Svante Arrhenius developed a general equation for the 
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rates (k) of chemical reactions as a function of tem- 


perature (T) and activation energy (E,), specifically: 
—E,/RT 


k=A-e ; 
where R is the gas constant and A is the so-called 
pre-exponential factor (often a constant). 


Arsenic Disulfide - (Also Realgar) - [AsS or As)S>] - 
A chemical compound; a reddish-orange powder; has 
a monoclinic crystal structure. It occurs as the min- 
eral realgar. 


In fireworks: Arsenic disulfide has been used in dark 
prime (as a color change relay) and occasionally to 
make red explosive. Although now rarely used in the 
US and Europe, it continues to be used by some ori- 
ental manufacturers. 


Hazard ratings: Health [4], Flammability [3], Reac- 
tivity [2], and Contact [1]. 


Arsenic Sulfide - See Arsenic Disulfide and Arsenic 
Trisulfide. 


Arsenic Trisulfide - (Also Orpiment) - [As.S;] - A 
chemical compound; a reddish orange powder; has a 
monoclinic crystal structure. It occurs as the mineral 
orpiment. Arsenic trisulfide is not commonly used in 
pyrotechnics. 


Artificial Barricade (Magazine) - A mound of earth 
or revetted wall at least 3 feet (1 m) thick, or any bar- 
ricade providing equivalent protection. To be effec- 
tive, the height of the barricade should be sufficient 
to intercept a line drawn from the top of the side wall 
of the magazine to the eaveline of other buildings or 
to a point 12 feet (3.7 m) above the center of a high- 
way or railway. 


ATF - (Also BATF) - Abbreviation for US Bureau of 
Alcohol, Tobacco, and Firearms. 


atm - Abbreviation for atmosphere, a unit of pressure. 


Atmosphere - (Also atm) - A unit of pressure equal to 
the pressure exerted by air at sea level; equal to 14.7 
psi; equal to 101 kPa. 


Atom - The smallest amount of an element that retains 
its chemical identity. Atoms are comprised of a posi- 
tively charged nucleus surrounded by a cloud of 
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negatively charged electrons. The nucleus in turn is 
composed of positively charged protons and neu- 
trons, which are electrically neutral. Following is a 
simplified illustration of the structure of an atom. 


Electron 


Proton 
Neutron 


Nucleus 


Atomic Mass Unit - (Also amu) - The unit commonly 


used in dealing with atomic and nuclear processes. It 
is defined as being equal to 1/12 the mass of a car- 
bon-12 atom (1.66x10~’ kg). 


Atomic Number - The number of protons in the nu- 


cleus of an atom. Each atomic element has a particu- 
lar number of protons in its nucleus. All atoms of the 
same element have the same number of protons. No 
two elements have the same number. Thus, the atomic 
number for an element uniquely identifies that ele- 
ment. For example, all atoms of hydrogen have only 
one proton; all atoms of oxygen have 8 protons; and 
all atoms of uranium have 92 protons. 


Atomic Spectrum - See Spectrum, Atomic. 


Atomic Weight - (Also Gram Atomic Weight) - The 


average mass of atoms of an element, relative to 1/12 
the mass of carbon-12 atoms. Following is a table of 
atomic weights for some common pyrotechnic mate- 
rials. 


Element Atomic Weight 
Aluminum 27.0 
Antimony 121.8 
Barium 137.3 
Calcium 40.0 
Carbon 12.0 
Chlorine 35.5 
Copper 63.5 
Hydrogen 1.0 
Iron 55.8 
Lead 207.2 
Magnesium 24.3 
Nitrogen 14.0 
[Continued] 
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Element Atomic Weight NOTES 


Oxygen 16.0 
Phosphorus 31.0 
Potassium 39.1 
Silicon 28.1 
Sodium 23.0 
Strontium 87.6 
Sulfur 32.1 
Titanium 47.9 
Zinc 65.4 
Zirconium 91.2 


One mole of atoms has a mass equal to its atomic 
weight in grams. 


From the chemical equation for making zinc sulfide, 


Zn + S > ZnS, 


one knows that one mole of zinc can react with one 
mole of sulfur. From the previous table, it can be seen 
that one mole of zinc has a mass of 65.4 grams, and 
one mole of sulfur has a mass of 32.1 grams. This is 
referred to as a stoichiometric mixture because there 
is just enough of each of the reactants to be fully con- 
sumed in the reaction (neither is left over). Knowl- 
edge of atomic and molecular weights can be quite 
useful when developing pyrotechnic formulations. 
(Also see Formula Weight and Molecular Weight.) 


Authority Having Jurisdiction - (Also AHJ) - The 
local governmental agency with official responsibil- 
ity for regulating and granting permits for the use of 
pyrotechnics (e.g., fireworks displays and manufac- 
turing sites). 


Avogadro’s Number - The number of atoms or mole- 
cules in one mole; equal to 6.02252 x 10°. 


AWG - Abbreviation for American Wire Gauge. (For 
wire gauge sizes, see Electrical Wire.) 


The Support of: 


Allied Specialty Insurance 
We Have 3 Locations to Better Serve You. 


is gratefully acknowledged. 
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B-Blasting Powder - The type of Black Powder made 
with sodium nitrate and having granulations suitable 
for quarrying (blasting). The use of sodium nitrate 
causes the powder to burn more slowly than A- 
blasting powder and makes it somewhat hygroscopic. 
B-blasting powder has no common uses in fireworks, 
rocketry or pyrotechnic special effects. 


Ba - Chemical symbol for the element barium. 
Baking Soda - See Sodium Bicarbonate. 


Ballistic Coefficient (Rocketry) - A rocket’s weight 
divided by its drag form factor. The drag form factor 
is equal to a rocket’s drag coefficient multiplied by 
its frontal area. The greater a rocket’s ballistic coeffi- 
cient, the higher it can coast after finishing the thrust 
portion of its flight. 


Ballistic Mortar - An instrument used to determine the 
relative strength of explosives. A ballistic mortar is 
basically a pendulum with a massive cylindrical bob. 
An axial hole in the bob is first loaded with 10 g of 
explosive sample and then sealed with a metal projec- 
tile. Upon firing the sample, the projectile is driven 
out and the pendulum recoils. The amount of recoil is 
calculated from the angle of swing of the pendulum. 
The result is compared to the recoil resulting from a 
charge of TNT and is commonly reported as a percent- 
age of the standard charge. (Also see TNT Equivalent.) 


BAM - (Abbreviation for the German - Bundesanstalt 
fur Material Pruefung) - The German Federal Labora- 
tory for testing and authorizing materials including: 
explosives, propellants and pyrotechnics. 


Band Spectrum - See Spectrum, Molecular. 
Bare Match - See Black Match, preferred terminology. 


Barium Carbonate - [BaCO;] - A chemical com- 
pound; a white powder; has a rhombic crystal struc- 
ture. It occurs as the mineral witherite. 


In fireworks: Barium carbonate is occasionally used 
as an acid neutralizer in compositions containing po- 
tassium chlorate or barium chlorate. It is occasionally 
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used as a green color agent or as a delay agent in glit- 
ter compositions. 


Hazard ratings: Health [1], Flammability [0], Reac- 
tivity [0], and Contact [1]. 


Barium Chlorate - [Ba(ClO;),-H,O] - A chemical 
compound; a white powder; an oxidizer; has a mono- 
clinic crystal structure. 


In fireworks: In the past barium chlorate was used ex- 
tensively as an oxidizer and green color agent in star 
formulations. At present it is not often used. 


Hazard ratings: Health [3], Flammability [0], Reac- 
tivity [3], and Contact [1]. 


Barium Nitrate - [Ba(NO3;),] - A chemical compound; 
a white powder; an oxidizer; has a cubic crystal struc- 
ture. 


In fireworks: Barium nitrate is commonly used as a 
green color agent and oxidizer. It is also used as the 
oxidizer in some flash powders, especially for large 
salutes and reports. 


Hazard rating: Health [3], Flammability [0], Reactiv- 
ity [3], and Contact [1]. 


Barium Sulfate - [BaSO.] - A chemical compound; a 
white powder; has a rhombic crystal structure. It oc- 
curs as the mineral barite. 


In fireworks: Barium sulfate is a common green color 
agent and high temperature oxidizer in strobe compo- 
sitions. It is occasionally used as a delay agent in glit- 
ter formulations. 


Hazard ratings: Health [1], Flammability [0], Reac- 
tivity [0], and Contact [0]. 


Barlow’s Formula - A formula for calculating the 
pressure burst strength (P,) for relatively thin-walled 
pipe; 

P, =(2-T,- W)/OD, 


where T, is the material’s tensile strength, W is wall 
thickness, and OD is the outside diameter of the tube. 


Barrage - A rapidly fired sequence of aerial or low- 
level fireworks. Usually all devices are similar or 
identical. A barrage is the effect, not the technique 
used to achieve it. (Also see Battery, Finale, and 
Chain Fused.) 
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Barricade (Magazine) - An intervening barrier by 
which, in the event of an explosion, magazines are 
screened from other magazines, buildings, highways, 
etc. A barricade may be natural (natural barricade), 
such as provided by hills or dense trees. A barricade 
may be artificial (artificial barricade), such as the use 
of an earthen mound. To be effective, the height of 
the barricade should be sufficient to intercept a line 
drawn from the top of the side wall of the magazine 
to the eaveline of other buildings or to a point 12 feet 
(3.7 m) above the center of a highway or railway. 
(Also see Screen Barricade.) 


Base - A chemical providing an excess of hydroxide 
ions (OH) relative to hydronium ions (H30°) in an 
aqueous solution. 


Base Drag - Drag caused by the creation of a low pres- 
sure region at the base of a rocket when in motion. 
This is caused by the air flow separation at the base 
of the rocket. During the powered portion of a 
rocket’s flight, base drag is reduced by the produc- 
tion of gases from the rocket motor. 


Basic - Describes a solution in which hydroxide ions 
(OH ) predominate over hydronium ions (H;0’). Ba- 
sic solutions have pH values greater than 7. 


Basic Copper Carbonate - See Copper Carbonate, 
Basic. 


BATFE - (Also ATF) - Abbreviation for US Bureau of 
Alcohol, Tobacco and Firearms. 


Battery - (As distinct from an electrical battery.) A 
collection of firework devices fused together in such 
a manner as to be fired within a short period of time. 
Examples include a group of mortars (finale battery) 
or a bundle of roman candles (candle battery). (Also 
see Chain Fused.) 


Battery Internal Resistance - The resistance to the 
flow of electric current due to a battery’s physical 
and chemical characteristics. Internal resistance acts 
to limit the current producing ability of a battery, i.e., 
batteries with high internal resistance should not be 
used in an application that requires a high current 
flow. Following are some approximate values of in- 
ternal resistance for small alkaline dry-cells. 
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Approx. Int. 
Battery Type Resistance (Q) 
1.5 V D-Cell 0.3 
1.5 V AA-Cell 0.5 
9 V Transistor 3.0 


Wet-cell batteries typically have very low internal 
resistance. In some cases the use of an electrical ca- 
pacitor in parallel with the battery may overcome the 
current limitation for brief periods of time. (Also see 
Ohm’s Law.) 


Bee - See Hummer. 


Bentonite Clay - An aluminum silicate clay, mostly 
montmorillonite. Sodium bentonite swells exten- 
sively in water while calcium bentonite swells negli- 
gibly in water. 


In fireworks and rocketry: Bentonite clay is used to 
form plugs and nozzles in Black Powder rockets and 
other devices. 


Hazard ratings: Health [1], Flammability [0], Reac- 
tivity [0], and Contact [0]. 


Bernoulli Effect - The lowering of pressure on a sur- 
face with increasing fluid velocities parallel to the 
surface. (See Bernoulli’s Equation.) 


Bernoulli’s Equation - An equation postulated by 
Daniel Bernoulli in 1738. Bernoulli equated the vari- 
ous potential and kinetic energies in non- 
compressible fluids. Since energy must be conserved 
in any closed system, the sum of those energies must 
be constant. Bernoulli’s equation is typically written 
as: 


p+p-g-h+ %-p-v = constant, 


where: 
p = pressure in g/cm s’, 
p = density in g/cm’, 
g = acceleration due to gravity in cm/s’, 
h = height of the fluid from a reference point in 
cm, and 
v = velocity of the fluid in cm/s. 


Bernoulli’s equation is often applied to the aerody- 
namics of rocketry even though air is a compressible 
fluid. 
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Bernoulli Lock - The creation of a low pressure area 
at the base of a rocket, which has the potential to pre- 
vent liftoff. The factors acting to increase this effect 
are, a large diameter rocket of low power, and a base 
very close to the blast deflector which extends past 
the rocket’s base in all directions. (Also see Bernoulli 
Effect and Bernoulli Equation.) 


Bias Weight - A measure of the thickness or density of 
various papers. For kraft paper, it is the weight in 
pounds of 500 sheets of 12 x 24 inch (305 x 610 mm) 
paper, which equals 1000 square feet (92.9 m’). By 
convention, the total square footage being weighed is 
different for some other types of paper. 


Bickford Fuse - A type of fuse originally manufac- 
tured by the Bickford company. It was first intro- 
duced in 1831 and consisted of Black Powder lightly 
wrapped in jute. It was later waterproofed with a coat 
of asphalt and covered with a textile or plastic. It was 
a type of blasting safety fuse. At present the term 
Bickford fuse is used to describe any spun fuse that is 
not self consuming, i.e., is an internally burning fuse. 
(Contrast with Visco Fuse.) 


Bichel Gauge - An instrument used to collect the gase- 
ous products from detonating explosives. Basically it 
consists of the breech-end of a cannon which can be 
sealed air tight. A 100 g sample of explosive, includ- 
ing the wrapper, is detonated at the center of the 
chamber. The gases are then withdrawn for analysis. 


Binary System - A system used to make pyrotechnic 
or explosive materials on site, thus avoiding prob- 
lems of transportation and storage of pyrotechnic or 
explosive materials. Normally, two non-explosive 
components are supplied such that, when they are 
mixed together, they become an explosive material 
(Class 1). A typical binary system is shipped in two 
separate containers: one containing the oxidizer(s) 
and one containing the fuel(s). Additives, such as 
color agents, may be present in either of the two con- 
tainers. 


With respect to NFPA-1126, Standard for the Use of 
Pyrotechnics before a Proximate Audience, the pack- 
ager of the binary components is considered to be the 
manufacturer, not the person mixing the two compo- 
nents. However, with respect to US Bureau of Alco- 
hol Tobacco and Firearms licensing, it is the person 
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mixing the two components that is the manufacturer 
and must have a license. 


Binder - That component of a pyrotechnic or explosive 
composition which has the primary purpose of pro- 
viding the cohesive force to hold it together. Typi- 
cally, the cohesive action is induced by adding the 
appropriate solvent to the bulk pyrotechnic composi- 
tion, which is then mixed and dried. Following is a 
list of some solvating binders used in pyrotechnic 
compositions and their solvents. 


Binder Solvent 
CMC Water 
Dextrin Water 
Gum Arabic Water 
Nitrocellulose Acetone, or 

Amy! Acetate 
Parlon™ Acetone, or 

Methyl Ethyl Ketone 
Red Gum Alcohol 
Rice Starch Water 
Shellac Alcohol 


Another method of achieving a binding action is to 
use materials which experience plastic flow under 
high pressure. These binders function by flowing be- 
tween and around the individual particles of a com- 
position when rammed under high pressure. Some 
plastic flow binders used in pyrotechnics include: as- 
phaltum, gilsonite, sulfur, and Viton™. 


Still another method to achieve a binding action is 
through the use of materials that undergo a chemical 
reaction to bond a composition together. Most nota- 
bly this includes: polyurethane, polyester and epoxy 
resins. 


Binder’s Board - An especially thick chipboard, 
which is typically made by laminating thinner sheets 
together. Fireworks end disks are commonly made 
from Binder’s Board. 


Birthday Cake - See Multiple Tube Device. 


Black Body - A body with a surface that has the prop- 
erty of being a perfect absorber of thermal radiation. 
A good approximation of a black body is any object 
with a black matte layer such as lampblack. Since the 
absorptivity of such a black body is one, then accord- 
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ing to Kirchoff’s law, so is its emissivity. The inten- 
sity and the spectrum of the emitted radiation from a 
black body are well defined functions of temperature 
(See Emissivity and Incandescence.) (Also see Black 
Body Emission and Gray Body.) 


Black Body Emission - The spectral distribution of 
energy emitted by a black body, which only depends 
on its temperature. The total energy radiated (E,) (in 
units of energy/unit area) by a black body is given by 
Stefan’s law: 


E, = €-0:T’, 


€ = the mean emissivity of the material, a num- 
ber between 0 and 1; 
o = the Stefan Boltzmann constant, 5.67x10° 
J/m°K*; and 
T = the temperature in Kelvin. 
Stefan’s law identifies the importance of temperature 
in the intensity of the light emission from incandes- 
cent bodies. Consider two identical bodies, one at 
1000 °C and one at 2000 °C (1273 K and 2273 K, re- 
spectively). The one at 2000 °C emits approximately 
10 times the light energy as the cooler one. 


The spectral distribution of black body radiation is 
given by Planck’s equation. (Also see Gray Body.) 


Black Body Spectrum - See Spectrum, Continuous. 


Black Canyon Powder™ - A sulfurless substitute for 
Black Powder for use in antique weapons. 


Black Iron Oxide - See Iron Oxide. 


Black Match - (Also Bare Match) - A type of fuse 
consisting of cotton string or cord impregnated and 
coated with Black Powder. It is used for conveying 
fire to fireworks devices. Exposed Black Match has a 
burn rate of approximately 1 inch (25 mm) per sec- 
ond. (Also see Cross Match and Quick Match.) 


Black Powder - (Also Gun Powder) - An intimate mix- 
ture of finely powdered potassium nitrate (75%), char- 
coal (15%) and sulfur (10%). Commercial Black Pow- 
der may be granular or finely powdered. It serves as a 
propellant and has a wide variety of uses. Black Pow- 
der should not be confused with smokeless powder, 
which is not a suitable substitute for Black Powder. 
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In fireworks: Black Powder is used as lift powder, 
priming composition, burst charge, and occasionally 
as an ingredient in star compositions. 


In rocketry: Black Powder is the propellant used in 
the majority of model rocket motors. 


In pyrotechnic special effects: Black Powder is used 
as a propelling charge, as a fast developing smoke 
charge, and as a dispersing charge. 


(For Black Powder granulations, see A-Blasting 
Powder, Meal Powder, and Grain Powder.) (Also see 
B-Blasting Powder, and Rough Powder.) 


Black Powder Glazing - Granulated Black Powders 
come in two forms: glazed and unglazed. Glazed 
powders are made by tumbling the granulated powder 
with a small amount of graphite (a form of pure car- 
bon). The graphite provides a shiny glazed coating on 
the powder grains, which makes the powder less 
dusty and more free flowing during loading opera- 
tions. It also makes the powder less hygroscopic. 


Black Powder Rocket Motor - Nearly all model and 
fireworks rocket motors use either Black Powder or 
rough powder as their propellant and are thus referred 
to as Black Powder rockets. (Also see Model Rocket 
and Fireworks Rocket.) 


Black Powder Substitutes - See Pyrodex™, Black 
Canyon Powder™, and Golden Powder. 


Blank Cartridge - A cartridge case with a percussion 
primer, but without a slug or projectile. It may be 
filled with various loads of smokeless powder or 
other propellant. Weapons using blank cartridges are 
often used in conjunction with bullet hits in theatrical 
productions or in propellant activated devices (tools). 


Blast Impulse - (Also Specific Impulse) - The impulse 
generated as a result of an explosion. Typically the 
area under the positive phase of a blast pressure curve 
(pressure as a function of time) is referred to as the 
impulse. However, this might more correctly be 
called specific impulse (impulse per unit of projected 
area of the body being acted upon). (See Blast Wave 
for an illustration of a blast pressure curve.) (Also see 
Blast Pressure and Peak Overpressure.) 


Blast Overpressure - See Blast Pressure. 
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Blast Pressure - (Also Blast Overpressure) - The pres- 
sure produced by the blast wave from an explosion. 
The portion of the blast wave that exceeds atmos- 
pheric pressure is sometimes referred to as over pres- 
sure or blast overpressure. The following illustrates a 
typical setup for measuring blast pressure. 


Explosive 


Blast epee Blast 


(See Blast Wave for an illustration of a blast pressure 
curve.) (Also see Peak Overpressure. ) 


Blast Wave - (Also Air Shock Wave) - The supersonic 
air pressure pulse produced by an explosion. The 
pressure rises essentially instantaneously from atmos- 
pheric pressure to a peak overpressure, then falls more 
gradually back to atmospheric (ambient) pressure. 
This is generally referred to as the positive phase of 
the blast wave. In most instances, the positive phase 
is followed by a negative phase, in which the pres- 
sure falls below atmospheric pressure. The negative 
phase is less extreme but lasts longer than the posi- 
tive phase. Following is a figure illustrating the gen- 
eral shape of a blast wave. 
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Blasting Agent - A class of high explosives that are not 
sensitive to a Number 8 Detonator and that require a 
booster to achieve detonation. ANFO (ammonium 
nitrate/fuel oil) is a very common blasting agent. 


Blasting Cap - See Detonator. 
Blasting Galvanometer - An instrument used to estab- 


lish the continuity of a firing circuit. This instrument 
applies a sensing current that is much below that 
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needed to initiate a detonator or an electric match. 
(Also see No-Fire Current.) 


Blasting Machine - An instrument used to initiate 
detonators (or electric matches). In the past these in- 
struments typically used a magneto as the source of 
electric current. At present they commonly use a bat- 
tery and capacitive discharge circuit to generate the 
firing current. 


Blasting Powder - (Also Black Powder) - Consists of 
two types: A-Blasting Powder and B-Blasting Powder. 
Both are types of Black Powder. A-Blasting Powder is 
made with potassium nitrate as the oxidizer. B-Blasting 
Powder is made with sodium nitrate as the oxidizer. 


Blasting Safety Fuse - See Safety Fuse. 


Blind Stars - Unignited or extinguished stars after the 
burst of an aerial display shell or other firework de- 
vices. Because these stars are not burning and pro- 
ducing light, they cannot be seen and are referred to 
as blind stars. Blind stars can be the result of a num- 
ber of factors, the most important of which are the 
ignition and burning characteristics of the stars, and 
the violence of the shell burst. Generally, heavy 
priming and/or weaker shell bursts can solve the 
problem of blind stars. 


Blood Bag - A contrivance used to enhance the effect 
of a bullet hit placed on a performer’s body. It com- 
monly consists of a small balloon containing a mix- 
ture of red dye and corn syrup. The blood bag is 
placed between the bullet hit and the performer’s 
outer clothing. When the bullet hit is fired, the blood 
bag and the clothing tears open, giving the illusion of 
the performer being struck by a bullet. 


Blow-Through (Rockets) - Occasionally, the high 
pressure inside a fireworks rocket motor are suffi- 
cient to cause fire to prematurely reach the rocket 
heading, which then explodes just after the rocket is 
fired. This may be caused by weakly compacted pro- 
pellant composition, cracks in the composition, or an 
undersized exhaust nozzle. A similar failure can oc- 
cur when fire prematurely reaches the ejection 
charge. 


Blow-Through (Spolette-Fused Aerial Shells) - On 
occasion the high pressures, produced inside an aerial 
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display shell before it explodes, may be sufficient to 
cause poorly consolidated composition in a spolette to 
be pushed into the next break of a multi-break shell. 
When this happens, fire enters the aerial shell causing 
it to explode immediately. (Also see Top-Fused 
Shell.) 


Blow-Through (Time-Fused Aerial Shells) - When a 
time fuse is weakly glued in place, the high pressure 
in a mortar may cause the entire fuse to be pushed 
into the shell, admitting fire and causing it to explode 
in the mortar. (Also see Bottom-Fused Shell.) 


Bokette - See Bucket. 


Bomb Shell - (Also Aerial Bomb) - Anachronistic term 
for aerial display shell. See Aerial Display Shell, pre- 
ferred terminology. 


Bombardo Racks - A type of multiple tube device. It 
usually consists of a collection of small mortars 
firmly attached to a single base and chain fused to 
fire in sequence. Normally the mortars are fused 
along the bottom, rather than using quick match en- 
tering through the tops of the mortars. 


Bombette - A small aerial display shell projected from 
another shell, Roman candle, or mine. 


Bond, Chemical - See Chemical Bond. 


Bonding (Electrical) - Roughly synonymous with elec- 
trical grounding. Typically all equipment is electri- 
cally bonded (connected) to a heavy electrical con- 
ductor run around a building, and which is electri- 
cally earth grounded at one point. 


Booster (Explosives) - (Also Primer (Explosives)) - A 
cap-sensitive (secondary) high explosive charge that 
is used to initiate a less sensitive explosive, typically 
a blasting agent. As such, a booster is part of an ex- 
plosive train; in this case, consisting of a detonator, 
booster, and blasting agent. 


Booster (Rocketry) - The first stage or stages in a multi- 
stage rocket. It can also describe a rocket motor that 
has no delay or ejection charge, making it suitable for 
use in the lower stage(s) of a multi-stage rocket. 
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Boric Acid - [H3BO3] - A chemical compound; a white 
powder; a weak acid; has a triclinic crystal structure. 
It is occasionally used as a base neutralizer. Thus it is 
a pacifier for mixes with aluminum, which is water 
reactive, especially in the presence of basic solutions. 


Hazard ratings: Health [2], Flammability [0], Reac- 
tivity [0], and Contact [2]. 


Bottom-Fused Shell - An aerial display shell in which 
the time fuse is located on the bottom of the shell 
where it is ignited directly by the burning lift charge. 
Most small cylindrical and essentially all spherical 
shells are bottom fused. 


ee Quick Match 


(Leader) 


Shell Case 
«<— Paper Wrap 


Time Fuse 


Lift Charge 


Bottom Shot - Typically a powerful shot, which is the 
last in a series of shots, or the last effect of a multi- 
break or component shell. In a multi-break shell, a 
bottom shot will be the bottom-most break as the 
shell is oriented in the mortar. (Also see Report, and 
Heavy Report.) 


Bounce - An effect produced at the very end of burn- 
ing of a fountain or gerb, in which the fountain burns 
especially forceful for a second or less. This is gener- 
ally accomplished by loading the last increment of 
the device with an extra fiercely burning composition. 


Boxed Finale - A collection of relatively small diame- 
ter, chain-fused mortars assembled into a preloaded, 
packaged unit, ready for firing. Note that in many 
boxed finales, lift powder is loaded into the mortars 
loose under the aerial shells. Chain fusing is then ac- 
complished by running a fuse to or through the bot- 
tom of each mortar just above its plug. Boxed finales 
may also consist of shells that are conventionally 
chain fused. 
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Branching Sparks - Sparks that break into smaller and 
smaller sparks. 


Cast iron (with =2% C) is notable for its ability to 
produce attractive branching sparks. 


Break - The bursting of an aerial display shell, typi- 
cally producing a visual display of stars, noise or re- 
leasing other smaller devices (e.g., break of pu- 
padella). Aerial shells may produce one burst (single- 
break shells) or multiple bursts (multi-break shells). 


Break Charge - (Also Burst Charge) - The pyrotech- 
nic composition used to cause the bursting of aerial 
display shells (except salutes), dispersing and igniting 
their contents and producing a display. (Also see 
Black Powder, Pulverone, and Rice Hull Powder.) 


Breaking Paper - See Pasting. 


Bridgewire - Part of an electric match; a thin wire that 
either heats up or melts when an electric current is 
applied. The resulting heat ignites a small amount of 
pyrotechnic composition at the tip of an electric 
match. (For an illustration, see Electric Match.) 


Brisance - The shattering ability of explosives. It 
roughly correlates to the speed of the reaction front. 
High explosives have much greater brisance than low 
explosives. Brisance is not directly quantifiable; 
however, the Trauzl Block test produces quantifiable 
results which correlate with the concept of brisance. 


Bucket - (Also Bokette) - An extremely thin-walled 
paper tube (often one or two wraps). Most often buck- 
ets are approximately 3/4 inches (19 mm) in diameter 
and 3 inches (76 mm) long. Buckets are used to make 
connections between two or more pieces of quick 
match. The ends of the quick match, with approxi- 
mately one inch (25 mm) of exposed black match, are 
inserted into the bucket. It is then tied tightly on each 
end, securing the bucket and quick match together. 
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For greater strength, the ends of the black match may 
be tied together before covering them with a bucket. 
As a matter of convenience, coin wrappers are often 
used as buckets. 


Bucket Chain - A combination of short lengths of 
quick match and buckets, useful in assembling aerial 
display shells into chains. It is made by inserting two 
short lengths of quick match into one end of a bucket 
and tying tightly. For greater strength, the ends of the 
black match may be tied together before covering 
them with a bucket. Nothing is inserted in the other 
(open) end of the bucket at this time. The opposite 
end of one of the lengths of quick match and another 
piece of quick match are inserted into one end of a 
second bucket and tied. This process is continued un- 
til the desired number of buckets are included. 


To assemble a finale chain, the ends of the shell lead- 
ers are inserted into the open ends of the buckets (one 
leader into each bucket) and tied tightly. (Also see 
Chain Fused.) 


Bulk Salutes - Shots or reports prior to assembly into 
aerial display shells; finished salutes prior to inter- 
mixing with other display fireworks. 


Bullet Effect - A pyrotechnic special effect that simu- 
lates a projectile (slug) from a weapon impacting a 
person or an object. 


Bullet Hit - The device used to produce a bullet effect. 
A small explosive charge is attached to a person’s 
clothing or body, or to an inanimate object, to simu- 
late a projectile (slug) from a weapon striking the 
person or object. When a bullet hit is on a person, 
there must be adequate protection between the device 
and the person’s body. (Also see Blood Bag.) 


Bullet-Sensitive Explosive Materials - Explosive 
materials that can be caused to explode when struck 
by a bullet under defined test conditions. 


Bureau of Alcohol, Tobacco, and Firearms - (Also 
BATF or ATF) - That agency of the US government 
with responsibility for regulating the commerce in 
explosives and for enforcing weapons (and destruc- 
tive device) statutes. 
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Burn Rate (Also Linear Burn Rate and Mass Burn 
Rate) - The amount of pyrotechnic composition con- 
sumed per unit time, where the amount is expressed 
either as length of material consumed or mass of ma- 
terial consumed. Accordingly, the units of linear burn 
rate are inches (millimeters) per second, and the units 
for mass burn rate are pounds (grams) per second. 


Burn Rate Catalyst - See Catalyst, and Burn Rate 
Modifier. 


Burn Rate Modifier - An additive to a pyrotechnic 
formulation to increase or decrease its burn rate. 
Small amounts of metal fuels (which produce addi- 
tional energy) can be used to increase burn rates. 
Conversely, the use of energy absorbing components, 
such as sodium bicarbonate, can be used to decrease 
burn rate. Burn rate modifiers may coincidentally add 
color and change the products of the reaction. 


In rockets: Burn rate modifiers are added to propel- 
lants to increase burn rate and to help maintain a uni- 
form thrust. (Also see Catalyst.) 


Burn Rate Transition - A change in burn type, gener- 
ally from parallel burning to propagative burning, 
that can result in burn rates as much as 1000 times 
greater. Transitions to deflagration and even to deto- 
nation may also be possible. Accordingly, when un- 
expected burn rate transitions occur, the conse- 
quences can be disastrous. 


Unexpected burn rate transitions are possible in the 
burning of loose piles of finely powdered pyrotechnic 
materials. It is possible that parallel burning may per- 
sist until burning is complete. If at any time, how- 
ever, burning gases penetrate significantly into the 
pile, there will be a transition to propagative burning 
with possibly explosive results. 
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Burning 


SeQsy 
SHA i 
XS yO 
ys > yo) 
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In fireworks: The burning of an aerial shell leader 


provides a common example of a burn rate transition. 


The black match portion of the shell leader, burns at 


approximately | inch (25 mm) per second and is es- 
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sentially parallel burning; whereas the quick match 
portion, burns at 10 to 30 feet (3 to 9 m) per second 
and is propagative burning. 


Burning - (Also Combustion) - Typically, an exother- 


mic oxidation/reduction reaction occurring at a suffi- 
cient rate to produce a flame or incandescence. Under 
non-pyrotechnic conditions, the oxidizer is usually 
atmospheric oxygen. With pyrotechnic materials, the 
oxidizer is usually a solid, oxygen rich salt, which 
decomposes at relatively low temperatures. Some exo- 
thermic decomposition reactions are described as burn- 
ing, such as with smokeless powder (nitrocellulose). 


Burning is frequently characterized as a number of 
different types: Parallel Burning vs. Propagative 
Burning; Erosive Burning; and Progressive Burning 
vs. Neutral Burning vs. Regressive Burning. 


Burst Charge - See Break Charge. 


Bursting Comet - See Crossette Comet. 
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Buyer's Guides to Consumer Fireworks. 


Luna Tech, Inc. 
PYROPAK Precision Pyrotechnic Products 


Mighty Mite Marketing 
HDPE Mortars: Mighty-Mite™ and Pyro-Pipe™ 
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NOTES Mage 


C (Chemical) - Symbol for carbon. 


°C (Temperature) - Symbol for degrees Celsius. 


Ca - Chemical symbol for the element calcium. 


CA - Abbreviation for cyanoacrylate adhesive. 


Cab-O-Sil™ - Trade name for colloidal silica. (Also 
see Colloidal Silica.) 


Cake - See Multiple Tube Device. 


Caking - The tendency for loose powders to fuse into 
solid masses. For many crystalline powders, caking is 
exacerbated by moisture and also by a compressive 
load, such as near the bottom of drums. Non- 
crystalline powders, such as shellac, may also cake 
and that may be exacerbated by high temperature. 
(Also see Anti-Caking Agent.) 


cal - Symbol for calorie. 


Calcium - [Ca] - A chemical element; a reactive metal; 
has a cubic crystal structure. Although not commonly 
used in pyrotechnics, elemental calcium is used as a 
fuel in some military pyrotechnic devices. It is some- 
times used in special effects to create the illusion of 
hot or boiling water. 


Calcium Carbonate - (Also Chalk and Limestone) - 
[CaCO3] - A chemical compound; a white powder; 
has a rhombic crystal structure. It occurs as the min- 
erals calcite and aragonite. 


In fireworks: Calcium carbonate is used as a color 
agent in reddish-orange stars. It is occasionally used 
as a filler in pyro-adhesive. 


Hazard ratings: Health [0], Flammability [0], Reac- 
tivity [0], and Contact [1]. 


Calcium Sulfate - (Also Plaster of Paris or Gypsum) 
[CaSO,] - A chemical compound; a white crystalline 
substance; has a rhombic or monoclinic crystal struc- 
ture. It occurs as the minerals gypsum and anhydrite. 


[Continued] 
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In fireworks: Calcium sulfate is most commonly used 
as a high temperature oxidizer and reddish orange 
color agent in strobe effects. 


Hazard ratings: Health [1], Flammability [0], Reac- 
tivity [0], and Contact [1]. 


Caliber - The diameter of a projectile or the diameter 
of the bore of a weapon or launching tube. Some- 
times the length of a gun barrel or launch tube is also 
specified (measured) in calibers. 


Calomel - See Mercury(I) Chloride. 


Calorie - (Also cal) - A metric unit of heat. A calorie is 
that amount of heat required to raise 1 gram of water 
1 degree Celsius. A calorie is equal to 4.18 joules and 
is equal to 2.3x10~ British thermal unit (BTU). 


Candle - See Roman Candle. 


Candle Composition - See Roman Candle Delay 
Composition. 


Cannon Fuse - See Visco Fuse. 


Cannonade - See Cannonade Shell and Ground Can- 
nonade. 


Cannonade Shell - An aerial display shell containing 
several shots fused to explode more or less simulta- 
neously after the shell burst. (Also see Siatene.) 


Canulle - (Also Cannula and Canula) - A thin tube, 
often metal, used to create a core space for a break 
charge, during the loading of stars into a cylindrical 
aerial display shell. The canulle is first inserted into 
the center of the shell casing, then stars are placed be- 
tween it and the wall of the shell casing, next the 
break charge is poured inside the canulle, and lastly 
the canulle is carefully removed leaving the central 
core area of the shell filled with the break charge. 


Cap - See Detonator, preferred terminology. 


Cap Sensitivity - A measure of an explosive’s ability 
to be initiated (detonated) by a detonator, specifically 
an IME Number 8 test detonator. Explosives are ei- 
ther cap sensitive or they are not. One cap sensitivity 
test is the Hess Test. More complete information on 
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Carboxymethylcellulose - 


an explosive’s sensitivity to shock initiation can be 
determined by using a Gap Test. 


Capa Morte - See Ground Salute. 


Capacitive Discharge Firing Unit - (Also CD Firing 


Unit) - An instrument used to fire an electric match. 
(The electric match may be used directly to ignite a 
pyrotechnic charge or device, or it may be the initiat- 
ing element of a squib or detonator.) The capacitive 
discharge firing unit relies on the energy stored in an 
electric capacitor to supply the energy to fire the elec- 
tric match. Because the capacitor has the ability to 
store much energy, a capacitive discharge firing unit 
can generally fire many electric matches either in se- 
ries or parallel circuits. 


The amount of energy (Q, in joules) stored in a ca- 
pacitor is: 


Q = %-C-FE’ 


where C is capacitance in Farads and E is voltage in 
volts. Using a capacitor charged to a relatively high 
voltage has the double advantage of allowing the 
storage of much more energy (E’ term above) and 
also providing the ability to use longer runs of thin- 
ner (higher resistance) wiring. (Also see Ohm’s Law.) 


Carboxy-Terminated Polybutadiene - A chemical 


compound; a polymeric material used for the 
fuel/binder in some composite rocket propellants. 


See Sodium Carboxy- 
methylcellulose. 


Carcinogen - A substance which tends to cause can- 


cer. 


Card Gap Test - See Gap Test. 


Carpenter’s Glue - A stronger version of White Glue 


that is frequently used in building construction. 


Cartridge-Loaded Grain - Describes the formation of 


a propellant grain that is manufactured separate from 
a rocket motor case (casing), for later installation into 
the rocket motor. (Also see Case-Bonded Grain.) 


CAS Number - Abbreviation for Chemical Abstracts 


Service Registry Number. 
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Case-Bonded Grain - Describes the formation of a | Celluloid - See Nitrocellulose. 
propellant grain directly in a rocket motor casing. 
Thus, there is adhesion between the propellant com- | Celsius Scale - (Formerly Centigrade Scale) - A tem- 


position and the case (casing) or between the propel- perature scale with 100 equal divisions between the 

lant composition, insulation and case. (Also see Car- freezing point and boiling point of pure water (at one 

tridge-Loaded Grain.) atmosphere pressure). One degree C equals 1.8 de- 
grees F; to convert between Celsius and Fahrenheit 

Case Former - Typically a wooden form of a suitable scales: 

diameter for hand-rolling aerial display shell casings. oF = (9/5)-°C + 32, and 

A case former is used by placing it near the end of a 

strip of heavy kraft paper, bringing the end of the pa- °C = (PF — 32)-(5/9). 


per tightly around the former, and then rolling the 
former down the strip of paper to form a thin-walled 
tube (shell casing). The wraps of paper are held in 
place with glue or tape. 


Centigrade Scale - See Celsius Scale, preferred termi- 
nology. 


Centimeter - (Also cm) - A metric unit of length; 


Common Case Renner Dinieinks equal to 1/100 meter; equal to 0.39 inch. 


Shell Former CFR - Abbreviation for US Code of Federal Regula- 
Size Diameter tions. 
3" 2-1" 
4" 3-44" Chain Fused - Describes the manner of fusing used to 
5" 4-4" fire a series of individual devices from a single igni- 
6" 5-44" tion. Usually a single, fast burning fuse (quick match) 
gn 7-4" or 7-4" is run to a series of items, where it is attached to each 
Roe St Unite: tn = 254 a, item or to each item’s fusing. Finales and barrages 


are typically chain fused. (Also see Bucket Chain.) 


Catalyst - (Also Burn Rate Catalyst) - A chemical 
which increases the rate of a chemical reaction, with- 
out being consumed in the process. In pyrotechnics, 
because of the high temperatures involved, it is not 
unusual for burn rate catalysts to be destroyed. A list 
of some materials that are used as burn rate catalysts 
in rocket propulsion and pyrotechnics follows: 


Chain of Shells - A series of two or more aerial dis- 
play shells fused to fire in sequence from a single ig- 
nition source. Finales and barrages typically contain 
chains of shells fused together using quick match. 
(Also see Bucket Chain.) 


Chalcogens - The chemical group consisting of: oxy- 
gen, sulfur, selenium, tellurium, and polonium. (Also 


Name Formula ; 
: see Chemical Groups.) 
Copper(II) oxide CuO 
Copper chromite CuO0+Cr,0; Chalk - See Calcium Carbonate. 
Ferric ferrocyanide Fe,[Fe(CN)6¢]3 
Ferrocene (CsHs)oFe Charcoal - A substance produced by the destructive 
Tron(III) oxide Fe,03 distillation of wood. It has the approximate composi- 
Manganese dioxide MnO, tion (Shimizu): 
Potassium dichromate K>Cr.07 a 
Chemical Percentage 
3 : , Carbon 82 
ce - (Also cm’) - Symbol for cubic centimeter. Omran 3 
CD Firing Unit - See Capacitive Discharge Firing aig : 
Unit. 
[Continued] 
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In fireworks: As a very fine powder (air-float char- 
coal), charcoal is most commonly used as a fuel. As a 
coarse granular material, it is commonly used to pro- 
duce dim gold sparks. 


In explosives: Charcoal is one of the three chemical 
ingredients in Black Powder. 


Hazard ratings: Health [0], Flammability [1 to 3], Re- 
activity [0], and Contact [1]. 


Charcoal, Air Float - A grade of especially finely 
divided charcoal used in making Black Powder and 
many other pyrotechnic compositions. 


Chem F/X™ - A special effects material. It is an or- 
ganic material specially structured to produce a real- 
istic appearing explosive fireball, when dispersed us- 
ing a mildly confined Black Powder charge. 


Chemical - Describes the ingredients of pyrotechnic 
compositions. Chemicals are: 1) atomic elements, 
such as aluminum, magnesium and sulfur; 2) collec- 
tions of atoms in fixed groupings (molecules), such 
as potassium nitrate, strontium carbonate, or hexa- 
chlorobenzene; or 3) collections of complex mole- 
cules of somewhat variable composition derived from 
nature, such as shellac, red gum or asphaltum. 


Chemical Abstracts Service Registry Number - 
(Also CAS Number) - Since 1965, all chemical sub- 
stances mentioned in the scientific literature have 
been assigned a unique registry number. This number 
provides no information about chemical structure or 
properties. However, it provides a convenient key for 
searching the literature for such information, even 
when the same chemical is known by a variety of dif- 
ferent names. 


Chemical Bond - A force acting between atoms that is 
of sufficient strength to cause a collection of atoms to 
function as a combined unit. The attractive force is 
produced by electrons within the atoms as they seek 
more stable (lower energy) configurations (i.e., 
chemical bonds are the result of a lowering of the po- 
tential energy of the atoms). Accordingly, energy is 
released when chemical bonds are formed, and this 
energy must be replaced (added) when chemical 
bonds are broken. (Also see Covalent Bond, Ionic 
Bond, and Metallic Bond.) 
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Chemical Equation - 


Chemical Compatibility - Those chemicals that can 


be combined without danger of spontaneous ignition 
or other undesirable reactions under reasonably ex- 
pected conditions. Moisture and high temperature 
tend to foster undesirable reactions. (Also see Chemi- 
cal Sensitivity, and Arrhenius Equation.) 


Chemical Compound - A unique grouping of atoms 


linked by chemical bonds as a result of chemical re- 
actions. Chemical compounds are not simply mix- 
tures of chemicals; i.e., they cannot be separated by 
physical means. Two types of chemical compounds 
are molecules and salts. (Contrast with Chemical 
Mixture.) 


Chemical Element - One of the more than 100 differ- 


ent atoms presently known. Chemical elements (e.g., 
oxygen, iron, and carbon) are the fundamental build- 
ing blocks of everything in the world (e.g., water, 
wood, and soil). (See the Periodic Table of Elements 
at the end of this dictionary.) 


Shorthand notation using 
chemical formulas to describe a chemical reaction. 
For example, instead of stating that “cone molecule of 
oxygen combines with two molecules of hydrogen to 
form two molecules of water plus thermal energy”, it 
can be expressed as a chemical equation: 


O, + 2H, — 2H,O + Heat. 


Note that the subscripts indicate the number of atoms 
per molecule, e.g., O2 means there are two oxygen 
atoms per oxygen molecule. Non-subscripted num- 
bers indicate the number of molecules, e.g., 2H» 
means there are two hydrogen molecules, each com- 
posed of two atoms. Chemical equations must be bal- 
anced on each side of the arrow, with respect to the 
type and number of atoms, electrical charge, etc. 


Chemical Equilibrium - A condition where a chemi- 


cal reaction apparently ceases. In actuality, the 
chemical reactions may still be proceeding, but the 
forward and reverse reactions are proceeding at the 
same rate. The forward reaction is usually indicated 
by “—”, the reverse reaction by “<—”. A reaction that 
is in equilibrium may be indicated by “<>”. However, 
this same symbol may also be used to indicate that a 
reaction is reversible. 
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Chemical Formula - (Note that the accepted plural of 
formula is either formulas or formulae.) Shorthand 
notation using chemical symbols to describe the type 
and number of atoms in a chemical compound. For 
example, instead of saying “barium carbonate is 
composed of barium, carbon, and oxygen atoms, in a 
ratio of 1:1:3”, it can be expressed more simply: 


BaCOQ3. 


Note that the subscript 3 indicates that there are three 
oxygen atoms per unit of this compound. 


When a collection of atoms in a chemical formula is 
included in parenthesis, and there is a subscript af- 
terwards, that indicates that all of the atoms inside are 
to be multiplied by the subscript. For example, in 
strontium nitrate: 


Sr(NO3), 


there are two nitrogen atoms and six (3x2) oxygen 
atoms. 


Occasionally, for clarity in a chemical formula, the 
physical state of the substance is indicated. For ex- 
ample, in the melting of ice, 


H 20) + Heat > H,00, 


66,99 
S 


the subscript in parenthesis signifies water in the 
solid state. Similarly “I” and “g” indicate the liquid 
and gaseous states, respectively. 


For compounds that form hydrates, it is common to 
use a chemical formula, which explicitly indicates the 
amount of water present. This can be accomplished 
as follows: 


Sr(NO3). (Anhydrous) 
Sr(NO3).-4H,O (Tetrahydrate). 


Note that this usage of “chemical formula” is in con- 
trast with the use of “formula” as in a recipe, where 
the ingredients are typically given as percentages. 
Accordingly, in an attempt to avoid confusion, it is 
becoming increasingly common for a pyrotechnic 
recipe to be described as a pyrotechnic formulation. 


Chemical Formulation - The process of selecting the 
ingredients and their amounts for a product recipe. 
Although this is the correct usage of this term, it is 
becoming increasingly common for a pyrotechnic 
formula, which is a recipe, to be described as a pyro- 
technic formulation. 
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Chemical Group (Ionic) - (Also Complex Ion, Func- 
tional Group, and Radical) - A collection of atoms 
that bind together and are sufficiently stable to act as 
a single entity. Following is a list of some ionic 
groups commonly found in pyrotechnics. 


Chemical Chemical 
Group Symbol 
Ammonium NH,” 
Azide N3 
Benzoate C7H;O, 
Bicarbonate HCO; 
Carbonate CO;° 
Chlorate ClO; 
Dichromate Cr,07° 
Fulminate CNO- 
Nitrate NO; 
Oxalate C04 ~ 
Perchlorate clo, 
Peroxide O° 
Picrate C.6H2N307 
Salicylate C7H;0;3- 
Sulfate SO,” 
Styphnate C6HN30¢ 7 


Chemical Groups - Groups of chemical elements all 
with similar physical and chemical properties. The 
discovery of these natural groupings formed the basis 
for Mendeleev’s Periodic Table of the Chemical 
Elements. With the arrangement of elements in that 
table, the groups of similar elements appear in verti- 
cal columns. Occasionally it is convenient to refer to 
the elements in a group by the name of the group; for 
example the group of alkali metals consists of: lith- 
ium, sodium, potassium, rubidium, cesium, and fran- 
cium. (Also see Alkali Metals, Alkaline-Earth Met- 
als, Chalcogens, Halogens, and Noble Gases.) (See 
the Periodic Table of Elements at the end of this dic- 
tionary.) 


Chemical Hazard Rating - See Hazard Rating for 
Chemicals. 


Chemical Incompatibility - (See Chemical Compati- 
bility and Chemical Sensitivity.) 


Chemical Mixture - A physical combination of chemi- 
cal ingredients that have not reacted, and which, in 
principle, could again be separated by physical 
means, e.g., using a microscope and tweezers. A py- 
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rotechnic composition is an example of a chemical 
mixture. (Contrast with Chemical Compound.) 


Chemical Names - (Also IUPAC Names) - Names 
given to chemical compounds following specific 
naming conventions (rules). For example, simple 
compounds, composed of a metal and a non-metal, 
have the metal name followed by a slightly modified 
non-metal name, ending in “ide”. Some examples are: 


Chemical 

Formula Chemical Name 

ZnS Zinc Sulfide 

CaO Calcium Oxide 
MgCl, Magnesium Chloride. 


When the metal is capable of combining in different 
proportions with the same non-metal, they are often 
differentiated by a Roman numeral in the name, des- 
ignating the formal oxidation state of the metal. This 
nomenclature is preferred over the older nomencla- 
ture, which uses a series of prefixes and suffixes to 
accomplish the same thing in a less straight forward 
manner. Some examples are: 


Chemical Preferred Older 
Formula Chemical Name Chemical Name 
CuCl Copper(I) Chloride | Cuprous Chloride 
CuCl, Copper(II) Chloride Cupric Chloride 
FeO Tron(II) Oxide Ferrous Oxide 
Fe,0; Tron(II) Oxide Ferric Oxide 


When groups of atoms bind together well enough that 
the group tends to act as a single entity, that group is 
often given its own name, which is used in naming 
the compound. Some examples are: 


Group 

Formula Group Name 
NO; Nitrate Ion 
NH," Ammonium Ion 


(See Chemical Groups (Ionic) for a list of common 
group names.) 


Salts are derived through the combination of these 
ionic groups with other ions and are named using the 
group names. 
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Tons Salt Name 

K* & NO; KNO,; Potassium Nitrate 
NH,’ & Cl NH,Cl Ammonium Chloride 
NH, & NO; NHsNO; Ammonium Nitrate 


Complex natural organic substances are generally des- 
ignated by their historical names. Some examples are: 


Name Organic Substance 
Dextrin modified starch 
Red Gum a tree resin 
Shellac from insects 


Chemical Pacifier - A material added to a pyrotechnic 
composition to help prevent undesirable chemical re- 
actions. For example, although there can be a pro- 
longed induction period, aluminum is water reactive. 
The addition of a small amount of boric acid or po- 
tassium dichromate to the water essentially eliminates 
this water reactivity. Thus for aluminum and water 
mixtures, boric acid and potassium dichromate are 
chemical pacifiers. (See Chemical Sensitivity.) 


Chemical Products - (Also Products) - The materials 
produced as the result of a chemical reaction. These 
are shown to the right of the arrow in a chemical 
equation. (Also see Chemical Reactants.) 


Chemical Reactants - (Also Reactants) - The starting 
materials, prior to a chemical reaction. These are 
shown to the left of the arrow in a chemical equation. 
(Also see Chemical Products.) 


Chemical Reaction - A unique and well-defined proc- 
ess in which chemical reactants are transformed into 
chemical products. The total number of atoms of each 
element in the reactants must equal the total number 
of atoms of each element in the products. Some ex- 
amples of chemical reaction types are: 


1) Combination Reaction (Zinc and Sulfur Rocket): 
Zn + S$ > ZnS 

2) Replacement Reaction (Thermite Reaction): 
2 Al + Fe.0; > Al,O3; + 2 Fe 

3) Decomposition Reaction (Nitroglycerin): 


4 C3H5N3059 > 12 CO, + 10 H,O0 te 6N> ale Oo. 
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In a chemical reaction, existing chemical bonds are 
broken and new ones are formed. It requires an input 
of energy to break chemical bonds, and energy is re- 
leased when new bonds form. If, on average, the new 
bonds are stronger than the old bonds, there is a net 
production of energy. For pyrotechnic reactions to be 
self sustaining, they must be net energy producers. 


The figure that follows illustrates the flow of energy 
during a pyrotechnic reaction. First, when energy is 
supplied to the composition to break the existing 
chemical bonds, it increases the internal energy. Then 
as new bonds form, energy is produced correspond- 
ing to a decrease in internal energy. (Also see Exo- 
thermic.) 


Reactants 
[ t Activation Energy 


Heat of Reaction 


Internal Energy 


Products 


Reaction Progress 


Chemical Reactivity - The ease with which a material 
will chemically react. (Also see Reactivity (Pyro- 
technic).) 


Chemical Safety Rating - See Hazard Rating for 
Chemicals. 


Chemical Sensitivity - A qualitative measure of a 
material’s chemical stability and tendency to undergo 
undesirable chemical reactions, most notably under 
conditions of prolonged exposure to moisture or high 
temperature. An indication that undesirable chemical 
reactions are occurring can be the production of heat 
or gas, e.g., NH3, ammonia; or HS, hydrogen sulfide 
(a rotten egg smell). One example of chemical sensi- 
tivity is the delayed reaction of aluminum in the pres- 
ence of moisture. The following is a graph charting 
the temperature of a small sample of atomized alumi- 
num in water. Note that the onset of the exothermic 
reaction is delayed by many days. 
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Chemical Symbol - Shorthand notation for chemical 
elements. Often the chemical symbol is just the first 
one or two letters from the name of the element. For 
example: O is the symbol for oxygen; H, for hydro- 
gen; Al, for aluminum; and Ca, for Calcium. In other 
cases, the chemical symbol is derived from the name 
of its mineral or its name in Latin; for example, Sb 
for antimony from the mineral stibnite, Fe for iron 
from the Latin ferrum, and Pb for lead from the Latin 
plumbum. Following is a list of chemical elements 
commonly found in pyrotechnic materials. (See the 
Periodic Table of Elements at the end of this diction- 


ary.) 


Chemical Chemical 
Element Symbol 
Aluminum Al 
Antimony Sb 
Barium Ba 
Calcium Ca 
Carbon C 
Chlorine Cl 
Copper Cu 
Hydrogen H 
Iron Fe 
Lead Pb 
Magnesium Mg 
Nitrogen N 
Oxygen O 
Phosphorus P 
Potassium K 
Silicon Si 
Sodium Na 
Strontium Sr 
Sulfur S 
Titanium Ti 
Zinc Zn 
Zirconium Zr 
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Cherry Bomb - One type of small but powerful ex- 
ploding device containing flash powder. They were 
allowed for sale to the public in the US prior to the 
passage of the Child Protection Act of 1966. They 
were made using a pair of small paper cups (a cup 
set) approximately 3/4 inch (19 mm) in diameter. Af- 
ter being filled with flash powder and fitted with a 
short length of green colored Visco fuse, they were 
covered with a thick layer of saw dust that was bound 
with sodium silicate. The device was generally dyed 
red, somewhat giving the appearance of a cherry. 
Cherry bombs produced a loud noise and dispersed 
fragments that had a greater potential for injury of 
some other similarly sized devices. (Also see Silver 
Salute and M-80.) 


Chinese Fuse - A fuse formed by twisting tissue paper 
around a thin core of Black Powder. This fuse is most 
commonly seen on small firecrackers but is also used 
in a variety of other fireworks made in the Orient. 


Powder Core 


—___ a 
Ce —< 
Twisted Tissue Paper 


Chinese Needle - See Antimony Trisulfide. 


Chipboard - A remanufactured paper product made 
from newspapers and other scrap paper. It is typically 
gray in color. Thicknesses typically range from ap- 
proximately 0.4 to 1.7 mm (0.017 to 0.065 inch); 
however, sheets can be laminated together for added 
thickness (Binders Board). Chipboard is a moderate 
to low strength material. It is most commonly used as 
liners in hand-rolled aerial shell casings, as end disks, 
and rolled into tubes. 


Chipboard Liner - A strip of chipboard that is wound 
into a (non-advancing) spiral and placed inside a 
hand-wound kraft paper shell casing. This is done 
prior to loading the stars into the casing. The chip- 
board liner provides extra strength to the casing. 


Chlorinated Rubber - (Also Chlorinated Isoprene) - 
A chemical compound; a white amorphous powder. It 
is made by the chemical addition of approximately 
65% chlorine to an elastomer (either natural rubber or 
a polyolefin). Parlon™ is chlorinated rubber; how- 
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ever, note that Parlon™ may contain carbon tetra- 
chloride, which poses health risks. 


Chlorine Donor - (Also Color Enhancer) - Except for 


sodium-produced yellow flame, all other standard 
colored flames are produced by a metal chemically 
combined with chlorine; e.g., red is from strontium 
monochloride (SrCl), green is from barium mono- 
chloride (BaCl), and blue is from copper mono- 
chloride (CuCl). Because the typical color agents 
used in pyrotechnics are chemicals, such as strontium 
carbonate, barium nitrate, and copper oxide; the 
monochloride color species must be produced by a 
chemical reaction in the flame. Generally, this re- 
quires an abundance of chlorine (Cl) in the flame. In 
some cases, the oxidizers (e.g., chlorates and perchlo- 
rates) can function to provide some chlorine. How- 
ever, it is common to add a chlorine-rich, organic 
molecule as a chlorine donor. Following is a list of 
some chlorine donors and their percentage of chlorine. 


Percent 
Chlorine Donor Chlorine 
Dechlorane 78 
Hexachlorobenzene 75 
Mercury(I) Chloride 15 
Parlon™ 68 
Polyvinyl Chloride 57 
Saran™ Resin 73 


In some cases, chlorine in the form of hydrogen chlo- 
ride (HCI) is the preferred color enhancer. This is be- 
cause HCI can act to convert monohydroxides, which 
also form in the flame, into the monochlorides. For 
example: 


SrOH + HCl > SrCl+H,0. 


Dechlorane, hexachlorobenzene, and mercury(I) 
chloride tend not to produce HCl in a flame. 


Note that other halogens, e.g., fluorine and bromine, 
also act to produce effective color species in flames. 
(Also see Color Agent, and Color Species.) 


Choke - A plug, often composed of clay, with a hole 


through it; usually formed in the end of a gerb or 
fountain. The purpose of the choke is to restrict the 
flow of gases, which increases the internal pressure, 
and thus causes the sparks, produced by the gerb, to 
be propelled to greater heights. 
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Clay Choke 
«—— Tube 


Gerb Composition 


Clay Plug 


Often the choke hole diameter is normally approxi- 
mately 1/3 the diameter of the of the device. How- 
ever, it must be appropriately sized for the burn rate 
of the composition and the strength of the casing. 


Choked Flow - See Critical Flow. 
Crisscross Effect - See French Splits. 


Chromaticity Diagram - A two dimensional mapping 
of the subjective responses to various colored light 
stimuli. The X-axis is the fraction of primary red color, 
and the Y-axis is the fraction of primary green color. 
Specifying the fractions of two of the three primary 
colors is sufficient to define the ratio of all three pri- 
mary colors. The chromaticity diagram provides a 
convenient method to visualize spectral colors, com- 
posite colors and the classical laws of color mixing. 
Following is an attempt to illustrate the appearance of 
the chromaticity diagram without the use of color. 
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Note that the colors in the chromaticity diagram grade 
slowly from one to another. The use of lines to suggest 
the limits of various colors is an attempt to show the 
approximate limits of the colors as seen by a typical 
observer. (Also see Spectral Colors, Line of Purples, 
Composite Colors, ICI White, and Color Mixing 
Laws.) 


Chrysanthemum Shell - A spherical, hard-breaking 
shell of the Warimono type, in which the stars (at least 
initially upon the shell bursting) produce a visible 
trail of sparks. In the classic version, the force of the 
burst and the burn time of the stars are such that the 
trajectory of the stars appears straight, without no- 
ticeable bending due to gravity. However, many 
variations exist, and the term chrysanthemum is not 
always used in this precise manner; loose usage is 
common. (Contrast with Peony Shell.) (Also see Dia- 
dem Chrysanthemum Shell and Kamuro Shell.) 


Chuffing - A term sometimes applied to the unstable 
burning of composite rocket propellants. It describes 
the sound produced by the rocket motor when burn- 
ing, 1.e., it can sound like, “chuff - chuff - chuff’. 
There may be a single chuff or a series of chuffs. This 
may be followed by a stable burning of the propel- 
lant, or burning may cease. Chuffing can be danger- 
ous because it can result in unstable or reoriented 
rocket flight. 


Circuit Faults - See Open Circuit and Short Circuit. 


Circuit Types - See Parallel Circuit, Series Circuit, 
and Series-Parallel Circuit. 


CJ-Pressure - See Detonation Pressure. 
Cl - Chemical symbol for the element chlorine. 


Class B Fireworks - See Display Fireworks, preferred 
terminology. 


Class C Fireworks - See Consumer Fireworks, pre- 
ferred terminology. 


Classical Color Mixing Laws - See Color Mixing 
Laws, Additive. 


Clay - See Bentonite Clay, Fire Clay, and Well-Rotted 
Clay. 
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Clean Out Tool - A tool used to remove paper and 
other debris from mortars. It is often made by driving 
one or more nails through the end of a stick or broom 
handle. 


=o 
Pasic 


Cleaning mortars during the course of a fireworks 
display can be dangerous. Thus, it should only be 
done when necessary, and then only when it is certain 
that no shell is in the mortar. 


i Broom Handle 


Clear Landing Area - See Fallout Area. 


Cluster (Rocketry) - A group of motors, usually in sin- 
gle stage rockets or the first stage of multi-stage rock- 
ets. They may all be ignited at the same time, or the 
central motor(s) ignited initially and the outer (out- 
board) motors ignited after liftoff. (Also see Air Start.) 


cm - Symbol for centimeter. 


CMC - Abbreviation for sodium carboxymethylcellu- 
lose. 


Code of Federal Regulations - (Also CFR) - A very 
extensive set of regulations implementing the US 
federal statutes. Regulations affecting pyrotechnics 
can be found in, CFR Title: 


14 - Federal Aviation Administration, 

16 - Consumer Product Safety Commission, 

27 - Bureau of Alcohol, Tobacco and Firearms, 

29 - Occupational and Safety Health Administration 
40 - Environmental Protection Agency, and 

49 - Department of Transportation. 


Colloidal Silica - (Also Fumed Silica and Cab-O-Sil) - 
[SiO] - A chemical compound; a white, microscopi- 
cally fine, crystalline substance. It is useful as a flow 
and anti-caking agent. 


In fireworks: Colloidal silica is occasionally used in 
flash powder. 


Hazard ratings: Health [2], Flammability [0], Reac- 
tivity [0], and Contact [2]. 


Collodion - See Nitrocellulose. 
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Color (Fireworks) - Describes a pyrotechnic visual 
effect usually produced by burning compositions, 
e.g., “a break of color”. In fireworks white or silver 
effects may also be considered “color”. 


Color Additive - See Color Agent. 


Color Agent - (Also Color Additive) - The material 
added to a pyrotechnic composition to produce a col- 
ored flame. The following is a list of some common 
color agents. 


Chemical Color 
Barium carbonate Green 
Barium chlorate * Green 
Barium nitrate * Green 
Barium sulfate Green 
Calcium carbonate Reddish orange 
Calcium sulfate Reddish orange 
Copper(II) carbonate Blue 
Copper(J) chloride Blue 
Copper(II) oxide Blue 
Copper(ID) oxychloride Blue 
Cryolite Yellow 
Sodium disilicate Yellow 
Sodium nitrate * Yellow 
Sodium oxalate Yellow 
Sodium sulfate Yellow 
Strontium carbonate Red 
Strontium nitrate * Red 
Strontium sulfate Red 

* These color agents are also low temperature 


oxidizers. 


(Also see Color Species and Chlorine Donor.) 


Color and Report Shell - Typically a two-break, cy- 


lindrical display shell, composed of a break of color 
stars followed by a large report. 


Color Change Relay - (Also Dark Prime, and Color 


Relay) - A prime applied between the layers of dif- 
ferent color producing compositions in a color chang- 
ing star. In addition to aiding in the continuation of 
burning from one composition to the next, it provides 
an important aesthetic benefit. The burning prime 
emits little light, accordingly the stars dim to invisi- 
bility for a brief instant during the color change. This 
dimming is unnoticed by observers but aids greatly in 
the impression that all the stars change color at the 
same instant. 
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Composition 
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Color Changing Star - A star which is composed of 


layers of different color producing compositions. As 
the burning of the star progresses from composition 
to composition, it produces different color effects. It 
is common that one or more layers of composition 
produce a comet effect. 


Gold Charcoal 
Effect 


Red 


Silver 


Color Enhancer - See Chlorine Donor. 


Color Measurement - A color can be completely 
specified by establishing the purity and dominant 
wavelength of its color point on a chromaticity dia- 
gram. (See Color Purity, and Dominant Wavelength.) 


Color Mixing Laws, Additive - (Also Classical Color 
Mixing Laws) - Those rules that form the basis for 
understanding and working with colored light 
sources. The first law of color mixing states that 
every source of colored light has a unique point on 
the chromaticity diagram. 


The second law states that all of the colors that can be 
made by combining two sources of colored light, lie 
along a line connecting their color points on the 
chromaticity diagram. For example, using various 
proportions of a green and yellow light source (color 
points A and B in following diagram) only those col- 
ors lying along the line AB are possible, i.e., yellow- 
ish green, yellow green, and greenish yellow. 
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Further, it is the relative proportion of the two source 
colors that determines how far along the color line 
the composite color falls. For example, if the inten- 
sity of color source B is twice that of A, the compos- 
ite color falls at a point two thirds the way along the 
line AB. 


The third law of color mixing states that every color, 
except for spectral colors, can be made from any of a 
large number of combinations of colored light 
sources, and that the resulting composite colors are 
indistinguishable to the human eye. For example, blu- 
ish green and pink light sources (color points D and E 
in the following diagram) can be combined to make 
ICI white light (color point C). Similarly, reddish 
purple and yellowish green (color points F and G), 
and purplish blue and greenish yellow (points H and 
I) can also be combined to make ICI white light. 
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Bluish 
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Reddish Purple 


Purplish 
Blue 


[Continued] 
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In addition to the previous three methods, any pair of 


light sources that can be connected by a line passing 
through color point C can be used to make white 
light. Further, once combined it is impossible for the 
unaided eye to distinguish what were the original 
sources of light. 


Color Purity - That property of colored light relating 
to the depth or richness of color, with spectral colors 
having the greatest purity. On a chromaticity dia- 
gram, if a line is drawn from ICI white, through the 
point of interest, to the line of spectral colors, the pu- 
rity of the color point is the fraction of the distance it 
is along this line. In the illustration that follows, color 
points Q and R have purities of approximately 65% 
and 90%, respectively. 


520 


Note that ICI white has a color purity of 0% and the 
spectral colors have a color purity of 100%. (Also see 
Spectral Colors and Composite Colors.) 


Color Relay - See Color Change Relay. 


Color Species - The chemical entities in a flame that 
are actually responsible for the emission of colored 
light. Generally they are not the same materials (color 
agents) that have been added to the composition to 
create the colors. Following is a list of colors (and 
wavelengths) for some color species. 


Color Wavelength 
Color Species (nm) 
Red SrCl 630 
Red orange SrOH 610 
Green BaCl 520 
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Color Wavelength 

Color Species (nm) 
Green BaOH bf 

Purplish blue CuCl 450 
Yellowish green CuOH 540 
Orange CaOH 600 
Red orange CaCl 610 
Yellow Na 589 


* - A weak headless band. 


In most instances, it is necessary to create the mono- 
chloride and/or monohydroxide color species in the 
flame during the burning process. This is because these 
materials are unavailable for use as color agents. The 
requirement to generate the monochlorides is the rea- 
son that chlorine donors act as color enhancers. 


Color Spectrum - (Also Light Spectrum and Visible 
Spectrum) - Those colors of light produced from in- 
candescent white light by dispersion using a prism 
(illustrated below) or by a diffraction grating. 


Screen 
Red 
Orange 
Ray of Yellow Spectral 
White Green Colors 
Light Blue 
Violet 


Glass Prism 


The spectral colors are the only colors uniquely re- 
lated to specific photon energies and wavelengths (il- 
lustrated below). 


Increasing Photon Energy 


Infra- 6 Ultra- 
red G Green violet 
— i] —_— 


Increasing Wavelength 


Below is a listing of wavelengths for spectral colors. 


Approximate 
Color Wavelengths (nm) 
Red 700 to 610 
Orange 610 to 590 
Yellow 590 to 570 
Green 570 to 490 
Blue 490 to 450 
Violet 450 to 400 
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Spectral colors are the set of color points located on 
the tongue-shaped boundary of the chromaticity dia- 
gram. 


Colored Heart - A display of stars, usually of con- 
trasting color, in the center of a break of color stars. 
A colored heart is similar to a pistil, but usually not 
as precise in formation. 


Colored Smoke - See Smoke, Colored. 


Combustible Case - (Also Consumable Case) - 
material which forms the container of an effect and 
which is consumed along with the effect without de- 
tracting from it. Examples are caseless ammunition 
and more recently, some aerial display shells. In the 
entertainment field, the development of combustible 
cases has been driven primarily by environmental 
concerns. 


Combustion - See Burning. 


Comet - (Also Comet Star) - A pellet of composition 
which is propelled from a mortar or shell and pro- 
duces a long tailed effect. Large comets are con- 
structed much like aerial display shells, with attached 
lift charge ready for loading into mortars. 


Quick Match 
Shell Leader 


Solid Pressed —> 


Comet Star 


Lift Charge 


Large comets, or comets fastened to shells are some- 
times referred to as “stickless rockets” because of the 
similarity of their visual effects. 


As an alternative, comets may be supplied already 
loaded into a mortar, such as a pyrotechnic special 
effect preload. See illustration that follows. 
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(Also see Crossette Comet.) 


Comet Pump - Typically, a larger version of a star 
pump, ranging in size from less than 1 inch (25 mm) 
to more than 3 inches (76 mm) in diameter. 


1 Sleeve 


Cavity Where 
Comet is Formed 


Plunger eat 


Crossette comet pumps have a plunger with an exten- 
sion to form the comet’s shot hole. 


Comet Star - See Comet. 


Common Fireworks - See Consumer Fireworks, pre- 
ferred terminology. 


Communication (Pyrotechnic) - Within a collection of 
separate explosives or pyrotechnic charges, the action 
of one charge causing another charge to similarly re- 
act. Here action and reaction can be an explosion or 
burning. (Also see Propagation.) 


Comp - See Pyrotechnic Composition. 
Compatibility - See Chemical Compatibility. 


Compatibility Groups - See Explosives, Classification 
of. 


Complementary Dominant Wavelength - (See 
Dominant Wavelength first.) - The method of speci- 
fying the color for non-spectral colors. When working 
with non-spectral (purplish) colors, the normal proc- 
ess of determining dominant wavelength does not 
work. This is because the line of purples are not spec- 
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tral colors, and therefore do not have an associated 
wavelength. Accordingly, the process used is to draw a 
line from the color point of interest, through the point 
for ICI white, until it intersects the spectral boundary. 
The wavelength corresponding to this intersection is 
called the complementary dominant wavelength. This 
process is illustrated in the figure that follows. 
Complementary 


7 Wavelength for 


560 "U" is C-550 nm 
Purity is 50% 


C-550 


Yellowish \ 
Green 


730 


Reddish Purple 
380 

In the illustration, reddish purple color point U has a 

complementary dominant wavelength of approxi- 

mately C-550 nm, where “C” indicates that this is a 

complementary wavelength. 


Complex High Power Rocket - See High Power 
Rocket, Complex. 


Complex Ion - See Chemical Group (Ionic). 


Component Shell - (Also Componential Shell) - Any 
shell containing numerous small devices other than 
stars. These devices include whistles, tourbillions, 
serpents, inserts or pupadella. 


Safety note: Component shells may produce more 
fallout than other kinds of shells and the fallout could 
contain live devices. 


Composite - A combination of materials that consists 
of relatively large (macroscopic) particles or materials 
embedded in a continuous homogeneous matrix. Ep- 
oxy fiberglass and paper phenolic are typical compos- 
ite materials. A loose collection of pebbles suspended 
in fine dust is not a composite because the loose dust 
does not form a solid (or semi-solid) matrix. Black 
Powder is a mixture but is generally not considered to 
be a composite because all of its particles are of simi- 
lar microscopic size. 
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In rocketry: A composite propellant consists of large 
particles of oxidizer (and perhaps metals) in a poly- 
meric fuel/binder matrix. Thus the fuel/binder forms 
the continuous matrix, filling all or most of the voids 
created by the macroscopic particles of oxidizer. 


Composite Colors - All those colors, as perceived by 
an observer that are composed of two or more spec- 
tral colors. Composite colors are all colors that are 
not spectral colors, specifically all those colors inside 
the tongue-shaped border of the chromaticity diagram. 


Spectral 
Colors 


Composite 


505 
Colors 


730 


380 


(Also see Chromaticity Diagram, and Color Purity.) 


Composite Rocket Motor - A rocket motor which uses 
a heterogeneous (physical mixture) propellant charge 
primarily composed of an oxidizer and a carbonaceous 
polymeric binder/fuel. It is described as a composite 
because it contains relatively large oxidizer particles 
in a homogeneous matrix of binder/fuel. Most com- 
monly, such a propellant consists of ammonium per- 
chlorate and a type of polybutadiene. It is also com- 
mon to use aluminum or magnesium as a fuel in the 
propellant. (Also see High Power Rocket.) 


Composition - (Also Comp) - See Pyrotechnic Com- 
position. 


Concussion - That part of an air blast from explosives 
or pyrotechnic compositions that has a low frequency 
content, below 20 Hz. 


Concussion Effect - An effect producing a loud noise 
and a shock wave for dramatic effect. 


Illustrated Dictionary of Pyrotechnics 


Concussion Mortar - A device specifically designed 
and constructed to produce a loud noise without dam- 
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Concussion Powder - A type of flash powder intended 
to be used in a concussion mortar to produce a loud 
concussive effect. (Also see Concussion.) 


Heavy Base 
| Plate 


Conductivity (Electrical) - A unit of electrical conduc- 
tion. It is the amount of charge caused to pass 
through a unit area of material per unit time by a unit 
potential difference. Conductance is the reciprocal of 
resistance and is measured in mhos. The conductance 
is one mho when a potential difference of one volt 
causes a current flow of one ampere. 


Conductivity (Thermal) - A unit of thermal conduction. 
It is the amount of heat caused to pass through a unit 
area of material per unit time by a unit temperature 
difference. 


Confinement - That which encases or encloses an explo- 
sive. For high explosives, the effect of confinement is 
to reduce the critical diameter of the explosive. Much 
the same effect can be accomplished with inertial 
confinement. For low explosives the effect of con- 
finement can be to produce an explosion using mate- 
rials in amounts that would otherwise only burn. 


Conservation of Energy (Chemical) - In a chemical 
reaction, energy is neither created nor destroyed but 


simply transformed from one form to another. 


Consumable Case - See Combustible Case. 
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Consumer Fireworks - (Formerly called Common 
Fireworks or Class C Fireworks.) - Those small fire- 
work items intended for personal use and which can 
be purchased over-the-counter in many states. These 
include small fountains, small aerial shells, sparklers, 
firecrackers, and small rockets. Consumer fireworks 
are defined in the American Pyrotechnic Association 
Standard, APA 87-1 and are classed by the US Depart- 
ment of Transportation as Fireworks, UN0336, 1.4G. 


Consumer Product Safety Commission - (Also CPSC) 
- An agency of the US government that has estab- 
lished labeling, construction and performance stan- 
dards for consumer fireworks. These regulations are 
contained in 16 CFR 1500 and 1506. 


Container Board - Relatively heavy paper products 
for packaging. Corrugated cardboard and chipboard 
are common examples of container board. 


Continuity (Electrical) - That property of an electric 
circuit indicating that there is a continuous and rela- 
tively low resistance path for the flow of electric cur- 
rent. This is in contrast with an open circuit which is 
incapable of conducting the current needed to fire an 
electrical igniter. 


Continuous Spectrum - See Spectrum, Continuous. 


Convolute-Wound Tube - (Also Parallel- Wound Tube) 
- A paper tube in which one large sheet of paper is 
wound around a mandrel. Glue is applied to the paper 
sheet to hold the layers of paper together. Thus one 
edge of the sheet runs along the length of the inside 
of the tube, and the opposite edge runs the length of 
the tube on the outside. 


Copper - [Cu] - A chemical element; an orangish gold 
metal; has a cubic crystal structure. 


In fireworks: Copper is occasionally used as a blue 
color agent. 


Hazard ratings: Health [1], Flammability [2], Reac- 
tivity [0], and Contact [1]. 


Copper Acetoarsenite - See Copper(II) Acetate 
Metaarsenite. 


Copper(II) Acetate Metaarsenite - [(CuO);As,0;- 
Cu(Cu2H30,),| - (Also Copper Acetoarsenite and Paris 
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Green) - A chemical compound; a green powder; for- 
merly used as an insecticide. 


In fireworks: In the past copper(II) acetate metaar- 
senite was the most commonly used blue color agent. 
At present, it is not used because of its lack of avail- 
ability, which is a result of its toxicity. 


Copper(II) Carbonate, Basic - (Also Copper Carbon- 
ate) - [CuCO;-Cu(OH),] - A chemical compound; a 
bluish green powder; has a monoclinic crystal struc- 
ture. It occurs as the minerals azurite and malachite. 


In fireworks: Copper(II) carbonate is commonly used 
as a blue color agent. 


Hazard ratings: Health [2], Flammability [0], Reac- 
tivity [0], and Contact [1]. 


Copper(I) Chloride - (Also Cuprous Chloride) - [CuCl] 
- A chemical compound; a greenish blue powder; has 
a hexagonal crystal structure. It occurs as the mineral 
nantokite. 


In fireworks: Copper(I) chloride is occasionally used 
as a blue color agent. 


Hazard ratings: Health [2], Flammability [0], Reac- 
tivity [0], and Contact [1]. 


Copper(II) Oxide - (Also Cupric Oxide) - [CuO] - A 
chemical compound; a black powder; has a monoclinic 
crystal structure. It occurs as the mineral tenorite. 


In fireworks: Copper(II) oxide is used as a blue color 
agent. 


Hazard ratings: Health [2], Flammability [0], Reac- 
tivity [0], and Contact [1]. 


Copper(II) Oxychloride - [3CuO-CuCl,-3.5H,O] - 
A chemical compound; a bluish green powder; has a 
rhombic crystal structure. 


In fireworks: Copper(II) oxychloride is used as a blue 
color agent. 


Hazard ratings: Health [2], Flammability [0], Reac- 
tivity [0], and Contact [1]. 


Cord, Igniter - See Igniter Cord. 
Core Burning Rocket Motor - A rocket motor with a 


central open area in its propellant grain. Pyrotechnic 
rockets depend on the production and exhaust of gas 
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for their propulsive force (thrust). The rate of gas 
production is a function of the rate at which the pro- 
pellant is reacting, which in turn is a function of 
burning surface area. Accordingly, one method of in- 
creasing a rocket motor’s thrust is to increase the burn- 
ing surface area. This is easily accomplished by pro- 
viding an axial core through the propellant charge. Fol- 
lowing is one example of this type of construction: 


Fire Path 


Top Plug 


ae 


Pyrotechnic 
Composition 


Open Core 


Exhaust 
Nozzle 


With this simple core design, thrust starts fairly high 
and increases with time as the diameter of the core 
increases as the propellant burns. Soon, however, the 
propellant burns completely to the casing wall. At 
that time the thrust level drops significantly because 
it is only the relatively small surface of the propellant 
grain at the top end of the motor that is burning. Fol- 
lowing is an illustration of a thrust profile for a core 
burning rocket motor. 
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Thrust 
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(Also see Rocket Spindle, and End Burning Rocket 
Motor.) 


Corning - The process used to produce Black Powder 


grains (corned powder, powder corns). Dampened 
Black Powder is first compressed into a dense cake. 
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When dry, the cake is broken into grains and then 
screened to the required sizes. 


Coulomb - (Also C) - The unit of electric charge. It is 
equal in absolute value to the negative charge con- 
tained in 6.24xx10'* electrons or to the positive 
charge in an equal number of protons. 


Coupling - The efficiency of transferring energy from 
an explosive reaction to the surrounding medium. 


Covalent Bond - A type of chemical bond that is char- 
acterized by a localized sharing of a pair of electrons 
between two atoms. This type of bond typically occurs 
between non-metallic chemical elements; for example 
between carbon and oxygen in carbon dioxide mole- 
cules. 


CPSC - Abbreviation for the US Consumer Product 
Safety Commission. 


Crisscross Effect - See French Splits. 


Critical Diameter - The minimum diameter of a high 
explosive in which a detonation can be sustained. 


Critical Flow - (Also Choked Flow) - Critical flow 
occurs when the velocity of an escaping fluid (gas is 
technically a fluid) reaches the speed of sound for 
that fluid under the conditions of exhaust. It is called 
critical flow because the velocity of a fluid passing 
through a restriction may never exceed the speed of 
sound. Virtually all rocket exhaust is in critical flow. 
At the throat of the nozzle a sonic shock wave is cre- 
ated and the gas is moving at Mach one past that 
point. As the nozzle again expands, the gas is accel- 
erated to velocities in excess of Mach 1. Critical flow 
can also occur through a hole in a plate and so occurs 
in rockets where there is no exit expansion. 


Critical Mass - The amount of a pyrotechnic material 
that is sufficient to cause an explosion without addi- 
tional confinement. (Also see Inertial Confinement.) 


Cross Match - Typically a piece of thin black match 
used to help insure the ignition of an aerial display 
shell’s time fuse. Generally cross matching is accom- 
plished by punching a hole through the time fuse, 
then inserting the black match through the hole, illus- 
trated in the following: 
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As an alternative to black match, igniter cord is 
sometimes used for cross matching. 


Instead of punching a hole through the time fuse, it 
can be slit open, the cross-match laid in, and then the 
time fuse tied together above the cross match. 


Crossette Comet - (Also Split Comet and Bursting 
Comet) - A comet that explodes into small pieces dur- 
ing the course of its burning. These are paper wrapped, 
cylindrical comets that have a small axial hole (shot 
hole), which is filled with a charge of flash powder 
(either loose or as a small shot). During the course of 
the comet’s burning, the flash powder is ignited, ex- 
ploding the comet into several burning fragments. 
There are essentially two methods for igniting the 
flash powder. If the powder is placed directly in the 
shot hole, it is usually ignited when the comet burns 
through a narrow opening into the powder chamber. 
(See illustration that follows.) If the flash powder is 
first loaded into a shot, it generally has a fuse to carry 
fire to the powder in the shot. 
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Crowd Control - An authoritative and organized effort 
to prevent the general public and unauthorized per- 
sons from entering designated areas before, during 
and after a fireworks display or when using pyro- 
technic special effects. 


Crown Chrysanthemum Shell - See Diadem Chrysan- 
themum Shell. 


Cryolite - [Na3AIF.] - (Also Sodium Fluoaluminate) - 
A chemical compound; a white powder; has a mono- 
clinic crystal structure. Occurs naturally as the mineral 
cryolite. 
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In fireworks: Cryolite is used as a yellow color agent. 


Hazard ratings: Health [1], Flammability [1], Reac- 
tivity [0], and Contact [1].. 


CTPB - Abbreviation for carboxy-terminated polybuta- 
diene. 


Cu - Chemical symbol for the element copper. 


Cup Set - A pair of relatively thin pieces of tagboard 
formed into the shape of short thimbles. They are 
made so that one piece fits snugly into the other, 
forming a small container (’2" to 1" in diameter). In 
the past cup sets were used to make cherry bombs. At 
present they are commonly used to make smoke 
balls, a consumer firework. 


Cup Set Halves 


Cupric Oxide - See Copper(II) Oxide. 
Cuprous Chloride - See Copper(I) Chloride. 


Current (Electrical) - The rate of flow of electric 
charge (typically electrons) in a circuit. The unit of 
current is the ampere. One ampere flows in an elec- 
tric circuit which has a potential of one volt applied 
to it and one ohm of resistance. (Also see Resistance, 
Voltage, and Ohm’s Law.) 


Cyanoacrylate Adhesive - (Also Super Glue™ or CA) 
- A popular adhesive which cures by reaction with 
moisture, typically ambient moisture drawn from the 
air. It is available with various cure speeds and vis- 
cosities. Accelerators are also available which result 
in almost instantaneous cures. 


Cyclonite - See RDX. 


Cylindrical Aerial Shell - (Also Italian-Style Aerial 
Shell) - Describes the general shape of one type of 
aerial display shell. Cylindrical shells are either single- 
break (producing only one burst of stars, components 
or noise) or multi-break (producing more than one 
burst). 
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The color display of a cylindrical shell is often less 
symmetrical than that produced by a spherical shell. 
However, the cylindrical style of construction gener- 
ally allows for greater complexity of timed effects, 
and thus produces longer displays. 


Cylindrical shells are often described in terms of the 
display produced. See Color and Report Shell, Draw- 
Out Shell, Fish and Whistle Shell, Hammer Shell, 
and Spider Web Shell. (Also see Shell Casing, Spik- 
ing, and Pasting.) 
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Dahlia Shell - A spherical shell burst, much like a 
peony, but using bright stars, which are fewer in 
number and larger in size. 


Dark Prime - See Color Change Relay. 


Data - (Note that datum or data are accepted singular 
forms.) - The pieces of information upon which in- 
ferences, theories or conclusions are based. 


Dautriche Method - (Also D’Autriche Method) - A 
method for measuring the detonation velocity of an 
explosive through a comparison with a known veloc- 
ity for detonating cord (Det-Cord). With the advent of 
high speed digital measuring equipment, the Dautriche 
technique has fallen into disuse. 


Day Box - A container for the temporary storage of 
explosive materials, which are about to be used. 


Daylight Shell - An aerial display shell manufactured 
for use during daylight. Typically these shells produce 
a display of colored smoke, a parachute with an at- 
tached flag, shots, or other displays visible in daylight. 


dB - Symbol for decibel. 


DC - Abbreviation for direct current. 


de Laval Nozzle - A nozzle invented by the de Laval 
Dairy Company to expand steam as efficiently as 
possible, for use in cream separators. The nozzle de- 
sign expands at exactly the same rate as the gas being 
exhausted. The de Laval nozzle provides a barrier to 
the stationary air outside the nozzle with minimal 
friction and energy loss to the nozzle. 


In rocketry: Most model rocket motors use a nozzle 
that approximates a de Laval nozzle, except that 
many do not have a true converging section. 


(Also see Nozzle, Expansion Ratio, and Thrust Coef- 
ficient.) 


Dechlorane - [CjoCli2] - A chemical compound; a 
white insecticidal powder. Dechlorane may reasona- 
bly be anticipated to be a carcinogen. 


[Continued] 
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In fireworks: Dechlorane is used as chlorine donor. 


Hazard ratings: Health [2], Flammability [0], Reac- 
tivity [1], and Contact [2]. 


Decibel - (Also dB) - One tenth of a bel; a dimen- 
sionless unit expressing a power ratio. Decibel levels 
are calculated using: 


dB = 10- log (P,/P2), 


where P, and P, are the power levels being compared. 
When power is not measured directly, such as with 
sound pressure levels, it is the square of pressure that 
is proportional to power. Thus: 


dB = 20 - log (P./P,), 


where P, is the measured effective sound pressure 
and P, is a reference sound pressure. Typically, P, is 
the threshold for human hearing, which is considered 
to be 20 uPa or 2.9x10° psi. For impulsive sounds 
(explosions), it is peak pressure (P,) that is measured. 
When peak pressures are in psi, the equation be- 
comes: 


dB = 171 + 20 (log P,). 
Deflagrating Explosive - See Low Explosive. 


Deflagration - (Also Explosive Burning) - An exo- 
thermic chemical reaction in which the reaction front 
advances at a subsonic speed in the unreacted mate- 
rial. Although convective heat transfer (in the direc- 
tion of the advancing reaction front) is generally 
critically important, most of the chemical reaction 
products move away from the unreacted material. 


A deflagration can be described as at least mildly ex- 
plosive burning, where the explosion is the result of: 
1) the intrinsic speed of the chemical reaction, 2) the 
inertial confinement provided by a large mass of the 
material, or 3) the confinement provided by a pres- 
sure vessel. 


There are conditions under which an explosive which 
is capable of deflagration, may only burn. Further, 
there may be conditions, under which normally de- 
flagrating explosives, may transition to detonation. 
(Contrast with Detonation.) 


Degressive Burning - See Regressive Burning. 


Delay Agent (Fireworks) - See Glitter Delay Agent. 
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Delay Composition - (Also Delay Train) - A pyro- 
technic composition that burns (is consumed) at a 
predetermined rate and is used for accurately timing 
events. 


In rocketry: Delay composition is the slow burning 
composition that allows time for the rocket to slow 
before igniting the ejection charge for the recovery 
device. Preferably the delay charge produces smoke, 
as a tracking aid. Delay composition is often used for 
this purpose, even when electric timers or altimeters 
are used to ignite the ejection charge. 


Delay Train - See Delay Composition. 
Deliquescent - See Hygroscopic. 


Dense-Pack Mortar Racks - See Mortar Racks, 
Dense-Pack. 


Density - The concentration of matter; specifically this 
is the mass of a material per unit volume. Density has 
units such as grams per cubic centimeter (g/cm*) or 
pound per cubic inch (Ib/in’). 


Deoxidizer, Flame - See Accessory Fuel. 


Department of Transportation - (Also DOT and US 
DOT) - An agency of the US government with the 
responsibility for regulating the transport of hazard- 
ous materials in commerce. They have also estab- 
lished the definitions for consumer and display fire- 
works. Transportation regulations can be found in Ti- 
tle 40 of the Code of Federal Regulations. 


Destructive Device - A device for use as a weapon, 
such as a bomb or grenade. The term does not include 
any device which is not designed or modified for use 
as a weapon. 


Det-Cord - See Detonating Cord. 


Detonating Cord - (Also Detonating Fuse, Det-Cord 
and Primacord™) - A flexible detonating fuse. It is a 
powdered high explosive material encased in plastic 
or cloth. The explosive power of the fuse is generally 
expressed in grains per foot, which range from less 
than 10 to more than 400. The velocity of detonation 
of the cord depends on the type of explosive used in 
its manufacture. However, almost all use PETN (pen- 
taerythritol tetranitrate) and have a velocity of deto- 
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nation of approximately 23,000 feet per second (7000 
m/s). 


Detonating Explosive - See High Explosive. 
Detonating Fuse - See Detonating Cord. 


Detonation - An exothermic chemical reaction in which 
the reaction front advances at a supersonic speed in the 
unreacted material. Although there is expansion of 
chemical reaction products (in all directions away 
from the advancing reaction front), it is primarily the 
compression (forward particle motion) in the direction 
of the advancing shock wave that provides the energy 
for propagation. 


There is a relationship, derived from the most basic 
conservation laws, that holds for all detonations. As 
such, this is the defining relationship for a detonation: 


Py = Porui:D, 
where: 


P.; = the pressure at the reaction front (detonation 


pressure), 

Po = the density of the unreacted explosive, 

u; = the particle velocity behind the reaction 
zone, and 


D = the rate of advance of the reaction front (ve- 
locity of detonation). 


A detonation proceeds at a sufficient speed such that 
an explosion always results, without confinement and 
regardless of the amount of material. However, there 
are conditions under which an explosive, that is ca- 
pable of detonation, may only burn or deflagrate. 
(Contrast with Deflagration.) 


Detonation, Mass - See Mass Detonation. 


Detonation Pressure - (Also CJ-Pressure) - The pres- 
sure produced at the reaction front of a detonation. 


Detonation, Shell - See Shell-Detonation. 

Detonation Velocity - See Velocity of Detonation. 
Detonation Wave - See Shock Wave (Explosive). 
Detonator - (Also Cap or Blasting Cap) - A device 


containing a primary explosive, used for initiating the 
detonation of other less sensitive explosives (secon- 
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dary explosives). In the past detonators were called 
caps or blasting caps. 


Dextrin - [Ce6H,o00s, approximate] - A chemical com- 
pound; a hydrated starch; an amorphous white or 
light amber powder that is water soluble. 


In fireworks: Dextrin is the most commonly used 
binder. 


Hazard ratings: Health [0], Flammability [1], Reac- 
tivity [0], and Contact [0]. 


Diadem Chrysanthemum Shell - (Also Crown Chry- 
santhemum Shell) - A spherical shell burst, much like 
a chrysanthemum, but with longer burning stars that 
droop or fall noticeably at the end of their trajectory. 
Often the stars have a color change. 


Diatomic Molecule - A molecule composed of two 
atoms, not necessarily of the same type, e.g., oxygen 
(O,) and carbon monoxide (CO). 


Dioctyl Adipate - A chemical compound; a plasicizer 
commonly used in plastisols and butadienes. 


Dioctyl Phthalate - A chemical compound; a plasi- 
cizer commonly used in plastisols and butadienes. 


Discharge Site - The relatively small area immediately 
surrounding the mortars at a fireworks display. 


Display Crew - Those individuals with the responsibil- 
ity to setup and perform a fireworks display. In addi- 
tion to the display operator, a typical display crew 
consists of a number of assistants. For a relatively 
small, manually fired display there will generally be a 
group of four assistants: a shooter, a ready box ten- 
der, and two loaders. For larger manually fired dis- 
plays it will generally be necessary to add assistants 
in groups of about the same four described above. 
The following is an illustration of a typical display 
setup and personnel assignments. 


[Continued] 
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5" 3" 6" 4" 


oo 0 © 00000 Line of (ore) e000 
Mortars sR 
Shooter 
Loaders i R 
EJ Operator oO 
R Ready Box 
Tender 


By separating the line of mortars near the middle, it is 


possible for the shooter to be working on one side, 
well away from the loaders working on the other 
side. This decreases the probability that a firing mal- 
function will injure the loaders. By having two load- 
ers, it is possible for each loader to load only one size 
shell, on each side of the firing line. This reduces the 
probability of loading errors. 


In addition there may be a spotter, if that function is 
not performed by the operator. Also there needs to be 
a number of crowd control monitors (normally pro- 
vided by the sponsor). 


Display Fireworks - (Formerly Special Fireworks or 
Class B Fireworks.) - Large fireworks, intended for 
professional use. They are regulated by the US Bu- 
reau of Alcohol Tobacco and Firearms and must be 
stored in a magazine. Display fireworks include all 
fireworks exceeding the limits placed on Consumer 
Fireworks and are classed by the US Department of 
Transportation as Fireworks, UN0335, 1.3G. 


Display Operator - The pyrotechnist with overall 
responsibility for the safe set-up, performance and 
clean-up of a fireworks display. The display operator 
normally has a number of assistants. 


Display Site - The total area from which the public 
must be excluded during a fireworks display. This 
includes the discharge site, the fallout area, and the 
space separating spectators from the discharge site. 
The minimum radius of the display site as recom- 
mended by the National Fire Protection Association 
(NFPA 1123-1990) follows. 
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Minimum Radius of Display Site 
for Outdoor Display of Fireworks 


Largest Minimum Radius of a 
Shell Size Display Site 
<3 in. 140 ft. 
3in. 210 ft. 
4 in. 280 ft. 
5 in. 350 ft. 
6 in. 420 ft. 
7 in. 490 ft. 
8 in. 640 ft. 
10 in. 700 ft. 
12 in. 840 ft. 
>12 in. Approval of the AHJ 
For SI Units: 1 in. = 25.4 mm and 
1 ft. =0.3m. 


Dominant Wavelength - The wavelength of the spec- 
tral color associated with a color point. In the meas- 
urement of colored light, it is necessary to specify the 
hue or color. For most color points on a chromaticity 
diagram, this is done by drawing a line from the color 
point for ICI white, through the color point of inter- 
est, and continuing until it intersects the spectral 
boundary of the diagram. The wavelength corre- 
sponding to this intersection is the dominant wave- 
length for the color point of interest. This process is 
illustrated in the following figure. 


520 


The blue green color point Q has a dominant wave- 
length of about 490 nm. The yellow green color point 
R has a dominant wavelength of about 565 nm. (Also 
see Complementary Dominant Wavelength and Color 
Purity.) 
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DOT - (Also US DOT) - Abbreviation for the US De- 
partment of Transportation. 


Double Base Propellant - Homogeneous propellants 
which usually contain nitrocellulose dissolved in ni- 
troglycerin and may contain other additives. It is 
commonly used in small arms ammunition and some 
military rockets. 


Double Decomposition Reaction - (Also Metathesis) 
A chemical reaction in which two compounds decom- 
pose to form a new pair of compounds. An example 
of a double decomposition reaction, which can lead 
to drying problems in pyrotechnics, is the formation 
of ammonium nitrate, a hygroscopic compound. This 
can occur when ammonium perchlorate is combined 
with potassium nitrate, in the presence of moisture. 


NH,C10, + KNO; ard NH,NO; + KCIO, 


Drag Coefficient - A shape dependent coefficient, 
which is dimensionless, used to determine the aero- 
dynamic drag of an object. (Also see Drag Force.) 


Drag Force - The resistive force (Fy) on a body mov- 
ing through a fluid. It can be calculated using: 


Fy = %-Cap-S-v, 


where: 
Cq = the drag coefficient for the body, 
p =the density of the fluid, 
S = the cross-sectional area in the direction of 
motion, and 
v =the velocity of the body relative to the fluid. 


Drag Form Factor - The mathematical product of the 
drag coefficient and the frontal area of a body. 


Dragon’s Breath - See Lycopodium Powder. 


Draw-Out Shell - A two-break shell, the first break 
consisting of color stars with four timed shots, and 
the second break usually consisting of color stars, and 
a heavy report. 


Drift - A compressed increment of powder loaded into 
a tube such as when manufacturing a Black Powder 
rocket. A rule of thumb for proper compaction is that 
the height of a drift should not be greater than the in- 
side diameter of the tube. 


Illustrated Dictionary of Pyrotechnics 


Occasionally drift is used synonymously with “ram- 
mer’, which is a rod used to compress powder in a 
tube, either using mallet blows or a press (mechanical 
or hydraulic). 


Drift Effect - See Shell Drift. 


Driver - (Also Pusher and Wheel Driver) - A strong 
paper case with a nozzle or choke, charged with a fast 
burning pyrotechnic composition. In effect, it is a 
thrust producing gerb used to propel fireworks 
wheels or other mechanical devices. 


Dud - Any device in which the fuse or igniter fails to 
ignite the main pyrotechnic charge. The term dud is 
reputed to have originated as an abbreviation for 
“dangerous unexploded device”. 


Dud Shell - An aerial display shell which leaves the 
mortar but fails to burst while in the air, and subse- 
quently falls to the ground. 


perttm. 
ss 


A dud shell may explode upon hitting the ground as a 
result of impact. (Contrast with Shell Misfire). 


Dynamite - In the past, the trade name for the com- 
mercial explosive developed by Alfred Nobel. It was 
nitroglycerin absorbed in kieselguhr. At present, it is 
a class of high explosives composed of various com- 
binations of nitroglycerin, nitrocellulose, ammonium 
nitrate, sodium nitrate, and carbonaceous materials. 
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E, - The symbol for activation energy. 


EBW Detonator - See Exploding Bridgewire Detona- 
tor. 


Edible Glycol - See 1,2-Propylene Glycol. 


Ejection Baffle - A device which forces the gas from 
the burning ejection charge to travel a maze-like path, 
so as to decrease its temperature and trap hot parti- 
cles. It may incorporate a metal mesh for additional 
cooling of the gases. The use of an ejection baffle re- 
duces or eliminates the need to use flame proof mate- 
rial to protect the recovery device. 


Ejection Charge (Rocketry) - The composition, ig- 
nited by the delay charge, that ejects the recovery de- 
vice, usually a parachute, which slows the fall of the 
a model rocket after its powered flight. The ejection 
charge (typically granular Black Powder) provides 
the burst of gas that deploys the recovery device. 


Electric Igniter (Fireworks) - See Electric Match. 


Electric Igniter (Rocketry) - A device used to cause 
the ignition of a rocket motor. It is composed of a 
small amount of pyrotechnic composition in contact 
with a thin bridgewire. Rocket igniters are specifi- 
cally made for igniting model rocket motors, and they 
generally require more electric current for ignition 
than electric matches. 


Bridgewire 


<——_—_——._ Pyrotechnic 
Composition 


Legwires 


Paper Tape 
Support 
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Note that there is a new style of rocket igniter which 
has an electrically conductive pyrotechnic composi- 
tion instead of a bridgewire. See following: 


Conductive 
Pyrotechnic 


Copper Foil 
Cladding 
(Leg Wires) 


Polyethylene 
Substrate 


Electric Match - (Also Fireworks Igniter) - A device 
used to cause the ignition of pyrotechnic materials. It 
consists of wires terminating at a relatively high- 
resistance bridgewire surrounded with a small quantity 
of heat-sensitive pyrotechnic composition. When suf- 
ficient electric current is passed through the wire, the 
heat that is generated ignites the pyrotechnic composi- 
tion, producing a small burst of flame. Two views of 
the typical construction of an electric match follow: 


Lacquer Coating 


High 
Resistance 
Bridge Wire 


Pyrotechnic 
Composition 


Non-Conductive 
Substrate 


Copper Foil 


Solder 


Leg Wire 


beat ae 


The flame produced by an electric match can be used 
to ignite a fuse or a lift charge in a fireworks device, 
a model or high power rocket, or a pyrotechnic spe- 
cial effect. Electric matches are also used in the 
manufacture of squibs and detonators. (Contrast with 
Electric Squib.) 


Electric Squib - (Also Squib) - A device consisting of 


an electric match plus a base pyrotechnic charge. They 
are generally contained in a thin metal tube and often 


Illustrated Dictionary of Pyrotechnics 


have a hole or slit to direct the flame produced upon 
their firing. Note that squibs are regulated much like 
blasting caps. Squibs are not used in fireworks, al- 
though electric matches are often incorrectly called 
squibs. 


Pyrotechnic Charge 


Electric Match 
Assembly 


Metal Casing 
Sealing Plug 


Legwires 


Electrical Circuit Symbols - A set of symbols used to 
facilitate the drawing of electrical circuit diagrams. 
Some of the more common symbols follow. 


— = awire. 


—~- =an electrical connection point 
between two wires. 


A\\V— = aresistor or an item in the 
circuit with some resistance. 
-€@ = anelectric switch (open) 
SiH = a battery. 
—_ = a point of electric ground. 
4¢ == adiode. 
© = a light bulb. 


Electrical Firing Panel - See Firing Panel, Electrical. 
Electrical Firing Unit - See Firing Unit, Electrical. 


Electrical Ignition (Fireworks) - A technique using 
electric matches and a source of electric current to ig- 
nite fuses, lift charges, or fireworks. Electric matches 
are attached to the fireworks prior to the display. 


There are three commonly used points of attachment 
for electric matches to aerial display shells: 1) at the 
end of the shell leader, where the quick match begins; 
2) near the shell, after cutting off most of the shell 
leader: and 3) in the lift powder for the shell. 


[Continued] 
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These are illustrated in the following diagram. 


The leg wires of the electric matches are attached to 
other wires that are connected to an electrical firing 
unit or panel. During the display, the fireworks are 
discharged using the electrical firing unit. 


Electrical Wire - (Also Shooting Wire and Zip Wire) 
In an electrically fired display, relatively fine wire is 
commonly used to carry the electric current from the 
firing unit to the electric matches. For a given firing 
voltage, the resistance of the wire limits the total 
length of wire that can be used and the number of 
electric matches that can be fired. Following is a list- 
ing of various copper American Wire Gauges (AWG), 
their diameter in inches, and their resistance in ohms 
per 100 feet. 


Electromagnetic Spectrum - (Also plural, Spectra) - 
The continuous band of electromagnetic emissions, 
(photons) of various energy or wavelengths, includ- 
ing radio waves, visible light and X-rays. 


High Energy Photons 


Wavelength 
(nanometers) 
G 0) 
amma-rays fe) 1 03 
Cc 
X-rays © 1 0) 
Ultraviolet o | 1 02 
Visible Light S — 1 03 
Infrared 35/"~“ 104 
Microwaves = — 1 0’ 
Cc 
Radio W aves S — 1 Q10 


Low Energy Photons 


A detailed examination of the intensity of the emis- 
sions as a function of energy generally reveals infor- 
mation about the source of the emissions, and often 
uniquely identifies the source. (Also see Spectrum, 
Atomic; Spectrum, Molecular; Spectrum, Continu- 
ous; and Visible Spectrum.) 


Electron - A negatively charged elementary particle of 
matter, having only about 1/2000 the mass of a pro- 
ton, but having an equal (and opposite) charge of a 
proton. Electrons surround the nucleus of an atom. It 
is the interaction of electrons that gives rise to chemi- 
cal bonds between atoms. Electrons are the most 
common carriers of electric current. 


Wire Wire Resistance 
Gauge Diameter Per 100 ft. Electron Temperature - See Temperature, Electron. 
16 0.051" 0.41.0 
18 0.040" 0.65 Q Electronegativity - A measure of the degree to which 
20 0.032" 1.040 a chemical element has a propensity to acquire addi- 
22 0.025" 1.65 Q tional electrons. It is also a predictor of the strength of 
24 0.020" 2.62 Q chemical bonds formed with oxygen. Accordingly, 
26 0.016" 4.16 Q electronegativity serves to predict the reactivity of 
28 0.013" 6.62 Q spark producing materials, and thus the color and 
For SI units: 1 in. = 25.4 mm and brightness of the sparks. The material with the lowest 
1 ft. = 0.30 m. electronegativity tend to produce the brightest and 


whitest sparks; those with electronegativities in the 
mid range produce dimmer yellowish sparks; spark 
producing materials with the highest electronegativi- 
ties produce dim reddish orange sparks. Following is 
a table of electronegativity and spark color for some 
common spark producing materials. 


When calculating the electrical resistance of firing 
lines, it is important to include the total length of wire. 
For a device placed at the end of a 100 foot (30 m) 
length of cable, the total wire length is 200 feet (60 m) 
(the length of wire going out plus coming back). (Also 
see Trunk Line.) 


Page 42 Illustrated Dictionary of Pyrotechnics 


Electro- Spark 
Element negativity Color 
Carbon 2.6 Orange 
Iron 1.8 Yellow 
Aluminum 1.6 Yellow-White 
Titanium 1.5 Yellow-White 
Zirconium 1.3 White 
Magnesium 1.3 White 


(See the Periodic Table of Elements at the end of this 
dictionary for electronegativities for all elements.) 


Electrostatic Discharge - (Also ESD) - Mechanical 
motion is effective in generating electrostatic poten- 
tials easily ranging to more than 10,000 volts. When 
objects having widely differing electrostatic poten- 
tials come into contact, there will be an equalizing of 
potentials, i.e., there will be a spark, or ESD. If this 
occurs in the immediate presence of a pyrotechnic 
material, it is possible that the ESD may be sufficient 
to ignite the material, possibly resulting in a serious 
accident. The way to avoid such accidents, is to avoid 
the ESD by not allowing significant electrostatic po- 
tentials to accumulate. (Also see Electrostatic Dissi- 
pative and Electrostatic Sensitivity.) 


Electrostatic Dissipative - (Also Static Dissipative, and 
Anti-Stat) - Chemicals that act to effectively eliminate 
the build up of an electrostatic charge on materials. 
Typically these materials are detergent-like and oper- 
ate by acquiring moisture from the air, to form a 
weakly conducting film on the materials to which they 
have been applied. These electrostatic dissipatives can 
be purchased in spray bottles, ready for application to 
surfaces. In some instances electrostatic dissipatives 
have been manufactured into products, typically plas- 
tics, rendering them permanently free of static build- 
up. Normally such plastic items are colored hot-pink, 
to indicate their anti-static nature. Many feel that the 
use of electrostatic dissipative containers and tools is 
safer than the use of conductive ones. 


Electrostatic Sensitivity - A measure of a material’s 
tendency to be ignited from the energy supplied in the 
form of an electric spark. Electrostatic sensitivity is 
measured in terms of spark energy (in joules), which 
causes an ignition a specific percentage of the time. 
The following figure illustrates a simplified apparatus 
for determining electrostatic sensitivity. 
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Variable High 
Voltage Source 


The mechanism of ignition is the heating caused by the 
spark passing through the sample. Materials contain- 
ing conductive metals often have high electrostatic 
sensitivities. 


Element - See Chemical Element. 


Emissivity - A measure of the efficiency of emission of 


thermal radiation from a surface. Every body at a 
temperature above absolute zero emits thermal energy 
(low energy photons). These emissions result from 
the acceleration of electric charges close to the sur- 
face due to thermal agitation of atoms and molecules. 
The range of different accelerations give rise to the 
emission of a wide spectrum of wavelengths. The to- 
tal radiated energy (E,) (in units of energy/unit area) 
emitted by a black body is given by Stefan’s law: 


E, =e-0°-T", 
where: 
€ = the mean emissivity of the material, a num- 
ber between 0 and 1; 
o = the Stefan Boltzmann, constant 5.67x10° 
J/m’K*; and 
T =the temperature in Kelvin. 


(Also see Spectrum, Continuous; Absorptivity; and 
Kirchoff’s Law.) 


Encircled Dews - A star color effect sometimes found 


in spherical shells. These stars end their burning with 
a bright silver flash or a contrasting aluminum effect 
having long duration white sparks. 


End Burning Rocket Motor - A rocket motor with a 


solid propellant grain which, once ignited, burns only 
from one end. Rocket motors depend on the produc- 
tion and exhaust of gas for their propulsive force 
(thrust). The rate of gas production is a function of 
the rate at which the propellant is reacting, which in 
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turn is a function of burning surface area. A particu- 
larly simple design for an end burning rocket motor 
follows. 


Top Plug 


Fire Hole 


Pyrotechnic 
Composition 


Exhaust 
Nozzle | 


Because of their fairly small burning surface, end 
burning rocket motors may produce relatively little 
thrust. However, to the contrary, if the propellant 
burns sufficiently rapidly, some end burning motors 
may be powerful enough to not even need a nozzle, 
e.g., fireworks whistling rocket. (Also see Core Burn- 
ing Rocket Motor.) 


End Cap - A relatively thin piece of material formed 
to provide part of the closure for larger diameter 
tubes. It is common to use an end disk under the end 
cap for added strength. End caps are typically made 
of tagboard; they may also be plastic. 


End Disk - A circular piece of material which forms 
part of the end closure of cylindrical aerial display 
shells. Typically it is made of chipboard or kraft pa- 
per with a thickness of about 1/8 inch (32 mm). 


Shell Casing End Disk 
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End Plug - A relatively thin piece of material formed 
into the shape of a short thimble. It provides closure 
for the ends of small diameter tubes. It is typically 
made of tagboard but may be plastic. 


eee End 


Plug 


Shell Casing 
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Endothermic - A type of chemical reaction in which 
energy must be continuously supplied for the reaction 
to proceed. (Contrast with Exothermic.) 


Energy - The capacity to do work. Energy can take the 
form of heat, light, electricity, etc. Units of energy 
are the joule or foot pound force. (Also see Kinetic 
Energy and Potential Energy.) 


Energy Levels - Discrete allowed energy states for 
bound systems. Atoms and molecules, with their con- 
stituent electrons, are examples of bound systems and 
follow the laws of quantum mechanics. As such there 
exists a discrete set of allowed energies for atoms and 
molecules, called energy levels. The lowest energy 
level is called the ground state, and higher levels are 


called excited states. 
\ Excited States 


Arrows Represent 
<— Energy Transition 
<— Ground State 


Increasing Energy 


Energy Level Diagram 


Thermal energy, such as from a flame, can cause an 
atom or molecule to be raised temporarily from the 
ground state to an excited state. Upon returning to the 
ground state, a photon can be emitted. That photon 
carries off an amount of energy, equal to the energy 
difference between the two states. If the energy of the 
photon is in the visible range, it is a light photon. In 
addition, if a sufficient number of these light photons 
are created, and they predominate in one part of the 
visible light spectrum, the light emitted appears col- 
ored. (Also see Color Spectrum and Electromagnetic 
Spectrum.) 
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Energy of Activation - See Activation Energy. 


Enthalpy - A thermodynamic value equal to the heat 
content of a chemical system. Enthalpy (H) is: 


H=E+ PV, 


where E is internal energy, P is pressure, and V is 
volume. 


Enthalpy of Combustion - See Heat of Combustion. 
Enthalpy of Formation - See Heat of Formation. 
Enthalpy of Reaction - See Heat of Reaction. 
Equilibrium - See Chemical Equilibrium. 


Erosive Burning - A type of burning in which the 
“normal” burn rate is augmented or increased by high 
gas velocity past the burning surface. 


In rocketry: Erosive burning is an unstable burning 
mode caused by physical erosion of the propellant 
grain. Erosive burning can be caused by having a 
core diameter close to that of the nozzle throat. This 
can produce nearly sonic gas velocities and shock 
waves within the propellant core. Motor designers 
generally avoid erosive burning, but it can be used to 
increase the initial thrust for a so called “hot start’. 


ESD - Abbreviation for ElectroStatic Discharge. 


Ethanol - (Also Ethyl Alcohol and Grain Alcohol) - 
[C,HsOH] - A chemical compound; an alcohol. Be- 
cause of its relatively low toxicity and availability with 
low water content, ethanol is the preferred alcohol for 
non-aqueous binders. Ethanol is often “denatured” by 
the addition of small amounts of toxic chemicals, 
which render it unsuitable for human consumption. 


Hazard ratings: Health [1], Flammability [3], Reac- 
tivity [1], and Contact [1]. 


Ethyl Alcohol - See Ethanol. 
Exhibition Candle - See Roman Candle. 


Exothermic - A type of chemical reaction in which en- 
ergy is produced as the reaction proceeds. The burning 
or explosion of pyrotechnic materials are examples of 
exothermic reactions. (Contrast with Endothermic.) 
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Expansion Ratio - The ratio of fully expanded nozzle 
area to throat area. This quantity is important because 
in optimized rocket motor design, the goal is to have 
the expanded gas exit the nozzle at ambient pressure. 
In space (a vacuum) this is obviously impossible. 


If the expansion ratio is too small, the exhaust will 
have a greater pressure than ambient, and thrust will 
be lost due to the sideways expansion of the uncon- 
fined gas. If the expansion ratio is too large, then the 
exhaust gases will exit the nozzle with a pressure less 
than ambient, creating a partial vacuum behind the 
nozzle, again reducing thrust. 


Expendable Rocket Motor - A single use rocket mo- 
tor purchased complete and ready for installation in a 
model or high power rocket. This is the most com- 
mon motor type. 


Exploding Bridgewire Detonator - (Also EBW Deto- 
nator) - An electric detonator, with no primary explo- 
sive, which requires a very high electric current to 
function. When a high current is applied, the bridge- 
wire vaporizes and produces a shock wave that is suf- 
ficient to initiate the secondary explosive in the deto- 
nator. This is considered to be a safer detonator be- 
cause it cannot be initiated by low electrical current 
or normal mechanical action. 


Explosion - It is often said that the necessary and suf- 
ficient conditions for an explosion are that: gas is re- 
leased, that energy is released, and that both are re- 
leased very rapidly. Note however, this definition ap- 
parently fails to account for some explosives which 
do not produce products that are gases, at least at 
normal temperatures. An example is a typical flash 
powder: 


8 Al + 3 KCI]O, — 4 Al,0; + 3 KCI, 


where aluminum oxide and potassium chloride are 
both solids below 1500 °C. A less technical defini- 
tion, but one that may be more universal, is: “(A) 
loud noise and a sudden going away of things from 
the place where they have been”. (Davis) (Also see 
Deflagration and Detonation.) 


Explosion, Mechanical - See Mechanical Explosion. 
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Explosive (Regulatory Definitions) - 


US Bureau of Alcohol Tobacco and Firearms: (BATF) 
- Any chemical compound, mixture, or device with 
the primary or common purpose being to function by 
explosion. The term includes, but is not limited to, 
dynamite, Black Powder, pellet powder, initiating 
explosives, detonators, safety fuses, squibs, detonat- 
ing cords, igniter cords, and igniters. 


The National Fire Protection Association (NFPA) con- 
tinues with: - The term “explosives” includes any ma- 
terial determined to be within the scope of Title 18, 
United States Code, Chapter 40, Importation, Manu- 
facture, Distribution, and Storage of Explosive Mate- 
rials, and also includes any material classified as ex- 
plosive by the Hazardous Material Regulations of the 
US Department of Transportation. 


Note that the US Department of Transportation in- 
cludes many materials as explosives which do not 
explode, e.g., some consumer fireworks, and materi- 
als not explode unless confined or present in a very 
large quantity. Similarly, the BATF includes many 
materials as explosives, which do not have as their 
primary or common purpose to function by explo- 
sion, e.g., high power rocket motors. 


Explosive (Technical Definition) - Any material that is 
capable of undergoing a self-contained and self- 
sustained exothermic chemical reaction at a rate that 
is sufficient to produce substantial pressures on their 
surroundings, thus causing physical damage. Explo- 
sives fall into two classes: detonating explosives and 
deflagrating explosives. (Also see High Explosive 
and Low Explosive.) 


Explosive Burning - See Deflagration. 


Explosive Train - A series of different explosive 
charges, in close proximity one with another, typi- 
cally running from the smallest and most sensitive to 
the largest and least sensitive. A train of explosives is 
generally used to cause the reliable initiation of a 
large insensitive explosive charge. For example, con- 
sider the initiation of ANFO: At the beginning of the 
train, within a detonator, a tiny charge of a primary 
explosive initiates a small charge of secondary explo- 
sive. This causes the initiation of a larger charge of 
secondary explosive (a booster). Finally, the booster 
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initiates the ANFO blasting agent. (Contrast with Py- 
rotechnic Train.) 


Explosives, Classification of - The US Bureau of Al- 
cohol, Tobacco and Firearms classifies explosives as: 


High Explosives (detonating even when uncon- 
fined), 

Low Explosives (deflagrating even when con- 
fined), and 

Blasting Agents (very insensitive explosives). 


In the past the US Department of Transportation 
(DOT) classified explosives as: 


Class A Explosives (detonating or otherwise 
maximum hazard), 

Class B Explosives (flammable hazard), and 

Class C Explosives (minimum hazard). 


Today the DOT has adopted the United Nations (UN) 
system for explosives classification. With this sys- 
tem, all explosives are Class 1 materials, with various 
Divisions that characterize the nature of their output; 
specifically: 


Class 1.1 (mass explosion hazard), 

Class 1.2 (projection hazard), 

Class 1.3 (minor blast or projection hazard), 

Class 1.4 (minor explosion hazard), 

Class 1.5 (very insensitive but with a mass 
detonation hazard), and 

Class 1.6 (extremely insensitive and no mass 
detonation hazard). 


In addition, the UN system is divided into compati- 
bility groups, designated by a single letter following 
the class and division numbers. A few of the com- 
patibility groups are: 


A (primary explosive), 

D (secondary explosive or Black Powder), 

G (pyrotechnic substance or article), and 

S (effects from functioning are extremely limited). 


Externally Burning Fuse - (Also Self-consuming 


Fuse) - Any type of fuse which burns with substantial 
external evidence of burning. An externally burning 
fuse has only a thin outer wrapping of inert material, 
or none at all. Chinese fuse and black match are 
common examples of externally burning fuse. 
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Exudation - The condition under storage by which the 
oily components ooze from explosives. An example 
is nitroglycerin exuding from dynamite. This condi- 
tion is usually accelerated by high temperature. 
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°F - Symbol for degrees Fahrenheit. 


Fahrenheit Scale - (Also °F) - A temperature scale with 
32° as the freezing point of pure water and with 180 
equal divisions between the freezing and boiling 
points of pure water at one atmosphere pressure. One 
degree F equals 0.56 degree C; to convert between 
Celsius and Fahrenheit scales: 


°F = (9/5)-°C + 32 and 
°C =(°F — 32)-(5/9). 


Fallout Area - (Also Fallout Zone and Clear Landing 
Area) - The large, relatively clear area at a fireworks 
display where debris, produced during the course of 
the display is intended to fall. The fallout area must 
be free of people, vehicles and readily combustible 
materials in dangerous amounts. Also, for pyrotech- 
nic special effects, this is the area surrounding the 
device from which the audience must be excluded 
and the performers should be excluded. 


Fallout Zone - See Fallout Area. 
Falls - See Waterfall. 


FAR - Abbreviation of the Federal Aviation Regulation 
and also for Federal Acquisition Regulation. 


Fe - Chemical symbol for the element iron. 


Federal Aviation Regulation - (Also FAR) - Regula- 
tions promulgated by the US Federal Aviation Ad- 
ministration to control air traffic. Some FAR’s con- 
trol the conditions under which model and high 
power rockets may be launched. 


Ferric Oxide - See Iron(III) Oxide. 


Ferroaluminum - [Fe/Al]]- A silvery metal; an alloy of 
iron and aluminum. It is available in various propor- 
tions, but a ratio of 35 Fe to 65 Al is the most common. 


In_ fireworks: Ferroaluminum is used to produce 
bright yellow sparks. It is also used in some glitter 
formulations. 


Hazard ratings: Health [1], Flammability [1 to 2], Re- 
activity [1], and Contact [0]. 
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Ferrotitanium - [Fe/Ti] - A silvery metal; an alloy of 
iron and titanium. It is available in various propor- 
tions, but a ratio of 30 Fe to 70 Ti is the most common. 


In fireworks: Ferrotitanitum is used to produce bright 
yellow sparks. 


Hazard ratings: Health [1], Flammability [1 to 3], Re- 
activity [1], and Contact [0]. 


Fiberglass - A composite material made with glass 
fibers and a chemically cured resin. 


Fillet Weld - See Weld, Fillet. 


Finale - A rapidly fired sequence (barrage) of aerial 
fireworks, typically fired at the end of a display. Al- 
though oxymorons, the term finale has been used to 
describe barrages fired any time during a display, 
e.g., an opening finale. Finale mortars are loaded 
prior to the display, and the aerial shells are normally 
chain fused to fire in rapid succession. 


Fire Clay - Any of a collection of clays that, when 
baked, form ceramics of low thermal conductivity. 
They are capable of withstanding very high tempera- 
tures without breaking down. 


Fire Hole - A small hole in the top plug of some rocket 
motors. When the rocket propellant (or delay compo- 
sition) burns to the hole, a jet of fire will project 
through the hole. This jet of fire is usually the means 
for ignition of additional pyrotechnic materials, such 
as the burst charge in a fireworks rocket heading (or a 
model rocket’s ejection charge). 


Fire Leak - The unintentional admittance of fire into 
the contents of a fireworks device, usually an aerial 
display shell. A fire leak generally results in the pre- 
mature explosion of the device. An example of a fire 
leak would be burning lift gases which enter a shell 
through a crack in the glue seal around a time fuse 
when a bottom-fused aerial shell is fired. (Contrast 
with Blow-Through, and Fire Path.) 


Fire Monitor - (Also Fire Watch Officer) - The person 
assigned to attentively observe and report any unin- 
tentionally caused fires at a fireworks display or dur- 
ing a performance using pyrotechnic special effects. 
When the fire monitor is a member of a Fire Depart- 
ment, that person is called the Fire Watch Officer. 
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Fire Path - The space through which fire is free to 
pass. Examples are: between the grains of pyrotech- 
nic composition, between the black match and loose 
paper wrap in quick match, or the core in a core burn- 
ing rocket motor. Note that fire paths can be provided 
intentionally to increase burn rate, or they are nor- 
mally occurring such as in loose granular powder. 
Fire paths may also be unintentional, such as cracks 
that have occurred in a rocket’s propellant grain. The 
presence of unintentional fire paths often prove to be 
catastrophic. (Contrast with Fire Leak.) 


Fire Watch Officer - See Fire Monitor. 


Firebrand - Burning or high temperature material, that 
is propelled from its point of origin, and which may 
cause the ignition of other materials in the area. 


Firewall - A wall made of fire resistant material. 
Sheetrock (drywall) is a common example of a fire 
resistant material. Firewalls are generally rated in 
terms of the length of time they will successfully 
withstand specific fire conditions. 


Fireworks (Regulatory Definition) - Any composition 
or device for the purpose of producing a visible or 
audible effect by combustion, deflagration, or detona- 
tion and that meets the definition of Consumer or 
Display Fireworks. 


Fireworks Flash Powder - See Flash Powder. 


Fireworks Igniter - See Electric Match. 


Fireworks Rocket - (Also Skyrocket) - A device con- 
sisting of a tube charged with compacted Black Pow- 
der (or other propellant). The tube is attached to a 
stick or has fins, which stabilize its flight. The head- 
ing of a skyrocket may contain a salute, stars or other 
effects. After completion of its flight, the rocket tube 
and stick usually fall to the ground intact. Fireworks 
rockets are seldom used in commercial displays be- 
cause they can pose safety problems and are less effi- 
cient than aerial display shells in launching large pay- 
loads high into the air. (Also see Line Rocket.) 
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Fireworks Rocket Heading - (Also Heading) - The 
payload of a fireworks rocket which is dispersed as a 
display at the zenith of its flight, usually consisting of 
a salute, stars, or other special effects. 


Fireworks Time Fuse - See Time Fuse. 


Firing Current - The current applied to an electric 
match for the purpose of causing its ignition. The fir- 
ing current heats a bridge or resistance wire, which 
causes the ignition of a tiny amount of temperature 
sensitive pyrotechnic material. The time required for 
an electric match to fire is a function of the amount of 
current applied to it. This is illustrated below (cour- 
tesy of Atlas Powder Co.). 
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(Also see No-Fire Current and All-Fire Current.) 
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Firing Panel, Electrical - The source of electric cur- 
rent used to fire electric matches and their attached 
fireworks. The electrical firing panel has switches or 
an equivalent means of directing the current to indi- 
vidual firework devices. Often there are continuity 
test circuits and warning devices as part of the elec- 
trical firing panel. (Also see Probe Firing Panel; and 
Firing Unit, Electrical.) 


Firing Unit, Capacitive Discharge - See Capacitive 
Discharge Firing Unit. 


Firing Unit, Electrical - A small version of an electri- 
cal firing panel. Often only one circuit can be ener- 
gized with an electric firing unit, and it may not have 
all the test and safety features of an electrical firing 
panel. 


First Fire - The first and most easily ignited composi- 
tion in a pyrotechnic train. Also roughly synonymous 
with pyrotechnic prime. 


Fish - See Serpent. 


Fish and Whistle Shell - An aerial display shell made 
using a combination of two components (effects). 
The fish are small tube devices that leave a visible 
tail and dart around unpredictably (swims). The whis- 
tles are tube devices that produce a whistling sound. 


Fix - A gerb or fountain firmly fastened to a non- 
moving support in a ground display. 


Fixed Production - A show (theatrical, fireworks, or 
other) that is repeatedly performed at the same loca- 
tion. 


Flame Deoxidizer - See Accessory Fuel. 


Flame Projector - A device used to produce a vertical 
column of fire as a pyrotechnic special effect that 
lasts up to several seconds. The pyrotechnic composi- 
tion is usually smokeless powder. A color agent can 
be added to produce colored flame. 
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Flame Temperature - The temperature existing within 
a flame. The temperature varies with position in the 
flame. For pyrotechnic flames, the flame temperature 
tends to be highest near the burning surface and falls 
with increasing distance. This is illustrated below. 


C 


Flame 


Burning 


ES Composition 


A 


Temperature required 
for effective electron 
excitation 


Temperature 


Distance from Burning Surface 


Flame temperature is important because it determines 
the brightness of the flame. As the temperature falls, it 
soon becomes too low to excite a sufficient number of 
electrons to energy levels that can produce visible light. 


The pyrotechnic flame temperature produced depends 
on the nature of both the oxidizer and fuel. Nitrate 
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oxidizers with non-metal fuels tend to produce 
maximum flame temperatures of 1500 to 2000 °C. 
Chlorate and perchlorate oxidizers with non-metal fu- 
els tend to produce flame temperatures of 2000 to 
2500 °C. The use of metal fuels provides the ability to 
further increase flame temperature or allows the use of 
more additives without adversely lowering flame tem- 
perature. Following are flame temperatures for vari- 
ous oxidizers all with shellac as the fuel (Shimizu). 


Flame 
Oxidizer Temperature 
Potassium nitrate 1700 °C 
Potassium chlorate 2180 °C 
Ammonium perchlorate 2210 °C 
Potassium perchlorate 2250 °C 


Flare - A device used to produce a colored flame when 
ignited. A flare is generally made by loading a pyro- 
technic composition into a tube. It is similar to a 
lance but typically larger in diameter. 


Flare (Special Effects Device) - A pyrotechnic device 
designed to produce a single source of intense light 
(usually colored) for a specific interval. 


*<— Electric Match 
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Flash - See Flash Powder, preferred terminology. 
Flash Bag - See Flash Break. 


Flash Break - (Also Flash Bag) - A type of break 
charge for aerial display shells using a flash powder 
that has been made fuel or oxidizer rich, to slow its 
burn rate. Most commonly flash break is used by 
placing a small charge inside a very thin paper tube 
(flash bag) tied to the inside end of the time fuse. 
However, sometimes the flash powder is thinly 
coated on rice hulls or simply added to the shell as 
loose powder. 
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Flash Cotton - See Flash Paper. 


Flash Paper - A form of nitrocellulose. When any 
form of natural cellulose is nitrated using a combina- 
tion of concentrated nitric and sulfuric acids, nitrocel- 
lulose is produced. These nitrated materials are very 
easily ignited and burn without ash. They can be used 
to produce a momentary puff of flame or as a compo- 
nent in a number of special effects. Depending on the 
form of cellulose used, these materials are called 
flash paper, flash cotton, or flash string. Flash string 
dusted with fine titantum may be called “Sparkle 
String”. (Also see Guncotton) 


Flash Pot - (Also Puff Pot) - A device containing the- 
atrical flash powder that is intended to produce a 
bright flash of light. 
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This may be referred to as a puff pot when only a 
small amount of theatrical flash powder is used, or an 
amount of non-flash powder is used. 


Safety note: The use of fireworks salute powder in a 
flash pot could be dangerous because of its explosive 
properties. 


Flash Powder - (Also Fireworks Flash Powder) - An 
explosive composition commonly used in firecrack- 
ers and salutes. When ignited, flash powder produces 
a bright flash of light and often (but not always) an 
audible report. Typical flash powder composition 
contains potassium perchlorate and powdered alumi- 
num. In fireworks, flash powder is one type of salute 
powder. (Contrast with Theatrical Flash Powder.) 


Flash String - See Flash Paper. 


Flight (Fireworks) - (Also Volley) - A near simultane- 
ous firing of a number of aerial or ground to air de- 
vices, usually all of the same type. 
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Flitter Aluminum - (Also Flitters) - A type of alumi- 
num powder composed of relatively large, thin flakes, 
usually in the range of 10 to 60 mesh. 


Flitter Effect - A white or gold spark effect produced 
by relatively coarse metal powders, usually alumi- 
num and usually as flakes. The effect may be pro- 
duced by burning stars or gerbs (fountains). In older 
literature flitter and glitter effects are used synony- 
mously or interchangeably. (Contrast with Glitter Ef- 
fect.) (Also see Sparks.) 


Flitters - See Flitter Aluminum. 


Flowerpot - A type of aerial display shell malfunction 
where the shell bursts with relatively low power 
within the mortar. It produces an upward spray of ig- 
nited stars and other effects, as illustrated below. 
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Flowerpots have various possible causes: a fire leak 
into the shell; a weak or damaged shell casing result- 
ing in the shell breaking apart from the force of the 
lift action; or from the ignition of stars resulting from 
friction between adjacent stars within the shell. (Con- 
trast with Mine and Shell-Detonation.) (Also see Set- 
back and Spur Fire.) 


Fog Liquid - (Also Smoke Liquid) - The material 
commonly used to produce physical smoke as a spe- 
cial effect. The liquid typically contains propylene 
glycol, glycerin, and water. The smoke (fog) is gen- 
erally produced using a fogger. 


Safety Note: Consideration must be given to the 
health effects and flammability of the fog liquid and 
the smoke effect produced by it. 


(Also see Smoke, Physical.) 
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Fogger - A device commonly used to produce smoke 


as a special effect. The unit causes the vaporization of 
a suitable liquid, which is expelled under pressure 
through a small orifice. Upon expanding and mixing 
with air the vapor cools and condenses, to produce a 
dense smoke (fog). 


Safety Note: Consideration must be given to the 
health effects and flammability of the smoke effect 
(fog) produced by a fogger. 


(Also see Smoke, Physical.) 


Formula - See Chemical Formula. 


Formula Weight - (Also Gram Formula Weight) - The 


sum of atomic weights of the atoms in a chemical 
formula. Many chemical compounds used in pyro- 
technics fall in the category of salts. Salts exist as 
ions in a repeating three-dimensional crystalline ar- 
ray, such that it is essentially impossible to say where 
one molecule ends and another begins. Accordingly, 
salts are described using chemical formulas which 
actually express the ratio of the component parts 
(ions). The formulas for the salts, potassium nitrate 
and barium nitrate, 


KNO, and Ba(NO3),, 


indicate that the ratio of potassium and nitrate ions is 
1:1, and the ratio of barium and nitrate ions is 1:2. 
Formula weights are determined by simply adding up 
the atomic weights of the atoms in the formula. For 
example the formula weight for potassium nitrate is 
39 + 14 + 3(16) = 101. 


One mole of any salt has a mass equal to its formula 
weight in grams (sometimes referred to as its gram 
formula weight). Accordingly, one mole of potassium 
nitrate weighs 101 grams. (Also see Molecular 
Weight.) 


Formulation - See Chemical Formulation. 


Fountain - A firework identical to a gerb, except that 


fountains often have wooden or plastic bases and are 
designed to be placed on the ground instead of fas- 
tened to a set piece. An illustration of a fountain fol- 
lows. 
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Free Energy - An expression of the total energy of a 
compound or reaction. Free energy includes both en- 
thalpy and entropy. In reactions where a phase 
change occurs, free energy is a better measure than 
heat of reaction of the total energy of the system. 
(Also see Gibbs Free Energy.) 


Free Radical - A chemical entity with at least one 
unpaired valence electron. Free radicals are desig- 
nated by a superscript dot as in: 


Cl’, a chlorine atom, and 
HO’ , a hydroxy] radical. 


Free radicals are extremely reactive and typically 
have very short lifetimes. In any flame free radicals 
exist as intermediate, unstable compounds. The pres- 
ence of free radicals and which species are present 
can be important in controlling flame color. Essen- 
tially all of the color species in a flame are actually 
free radicals, e.g., 


*SrCl, strontium monochloride and 

*SrOH, strontium monohydroxide. 
French Splits - A pyrotechnic effect created by two 
stars fitted together with a small break charge in be- 


tween. The items can be made in a variety of ways, 
the illustration of one type follows: 
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Break Charge 


Tube 


The effect can be that of a single star (burning to pro- 
duce an intermediate color) which at a later time 
breaks into two different colored stars. Classically, 
French splits are made with red and green stars ap- 
pearing yellow before they split. When the ends of 
the tubes are sealed, such that the burning stars are 
not seen until the split occurs, the effect is usually 
called crisscross. 


Frequency - The number of occurrences of an event 


per unit time. For example, in North America, alter- 
nating current completes a cycle 60 times per second; 
thus the frequency is 60 hertz ( 1 Hz = 1 cycle per 
second). 


Friction Primer - See Primer (Firearms). 


Friction Sensitivity - A measure of a material’s ten- 


dency to be ignited as a result of frictional energy. 
Friction sensitivity is typically measured in terms of 
the force that must be applied between a pair of fric- 
tional surfaces, to cause an ignition a specific percent- 
age of the time. The following figure illustrates a sim- 
plified apparatus for determining friction sensitivity. 


Constant Downward 
Force on Striker 


Sample 


Location Motion of Anvil 


— 


The mechanism of ignition is primarily the result of 
hot-spots produced by the rubbing between the abra- 
sive surfaces of the apparatus and/or the components in 
the pyrotechnic composition. The physical character- 
istics of the sample play an important role because of 
differences in the efficiency of delivering the frictional 
energy. For example, materials with hard gritty com- 
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ponents tend to have higher sensitivities, than materi- 
als with wax-like components. 


Frictional Electricity - See Triboelectric Effect. 


Front - A collection of fireworks devices spaced along 
a line across the view of the spectators and fired si- 
multaneously. The most common types of fireworks 
used in fronts are fountains, roman candles, mines 
and comets. 


Fuel - Anything combustible or acting as a chemical 
reducing agent. Below is a list of common fuels in 
pyrotechnics. 


Chemical Symbol 
Fuel or Formula 
Aluminum Al 
Antimony Trisulfide SbS3 
Charcoal =85% Carbon 
Ferroaluminum Fe/Al 
Ferrotitanium Fe/Ti 
Graphite C 
Hexamine CsH)2Na 
Tron Fe 
Lactose Ci2H24012 
Lampblack C 
Magnesium Mg 
Magnalium Mg/Al 
Potassium Benzoate KC,7H;0, 
Silicon Si 
Sodium Benzoate NaC7H;0, 
Sodium Salicylate NaC7H;03 
Stearic Acid CisH3602 
Sulfur Ss 
Titanium Ti 
Wood Meal =C,6H 005 
Zinc Zn 


(Also see Metal Fuel and Accessory Fuel.) 
Fuel, Accessory - See Accessory Fuel. 
Fuel, Metal - See Metal Fuel. 
Fumed Silica - See Colloidal Silica. 
Functional Group - See Chemical Group (Ionic). 


Fundamental Charge - The absolute value of the 
electron or proton charge; equal to 1.602110" cou- 
lomb. The symbol of fundamental charge is e. 
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Fuse - Any system used to transmit fire from an initia- 
tor to a device or between devices. A fuse is often 
used to provide a delay in the ignition of the main 
fireworks device. In pyrotechnics, a fuse is usually an 
enclosed powder train. There are many different 
kinds of fuse in common use. (Also see Black Match, 
Quick Match, Visco Fuse, Igniter Cord, Detonating 
Cord, Time Fuse, and Safety Fuse.) 


Safety note: In virtually all covered fuses, the fire 
front may significantly precede the area of visible 
burning. 


Fuse Case - See Match Pipe. 


Fusee - A long duration flare, usually red, commer- 
cially used as a railroad or highway warning light. It 
is often used to manually ignite fireworks. When 
used to ignite fireworks, it may be referred to as a 
portfire. 


Fusillading Shots - See Shots, Fusillading. 


Fusing, Redundant - See Redundant Fusing. 
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a ag 
g - Symbol for the metric unit gram. 


g - Symbol for the acceleration due to gravity on earth; 
equal to 32 ft/s’ or 9.8 m/s”. 


In Rocketry: Acceleration is often measured in units 
of “g”. Thus, a rocket accelerating at “one g” would 
be accelerating at 9.8 m/s’. This method of represen- 
tation is useful because it allows easy comparison of 
thrust and a rocket’s weight. 


Gampi Tissue Paper - A superior type of tissue paper 
with great strength and no grain. It is of Japanese ori- 
gin. 


Gap Test - A test of a high explosive’s sensitivity to 
initiation by mechanical shock. In essence, the test 
consists of two explosive charges (donor and accep- 
tor), one on top of another with a small space (gap) 
between them. If the gap is created using thin Plexi- 
glas sheets (historically referred to as cards), it is a 
“card gap test”. If the gap is air filled, this is an “air 
gap test”. The test is performed to determine the 
maximum gap thickness that still allows the donor 
charge to initiate the acceptor charge. 


Garniture - Any device used in fireworks that is an 
added component of a larger or overall effect. Stars 
are not considered garnitures when they are dispersed 
by aerial display shells or rocket headings; however, 
when attached to the exterior of a shell, rocket, or 
other device, they would be considered garnitures. 
Almost any device used in association with some 
other device that adds to the overall effect may be 
called a garniture, e.g., serpents, whistles, small 
shells, etc. (Also see Rising Effect.) 


Gerb - (Also Gerbe, and Gerb Preload) - A device 
consisting of a heavy tube solidly filled with pyro- 
technic composition and usually having a choke or 
restricted orifice. When ignited, it projects a jet or 
broad spray of fire and sparks. See following illustra- 
tion. 
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it has completed its operation, it falls to the ground 
f somewhere. Also, its flight path is unpredictable and 


highly influenced by the wind. This is a popular dis- 
play item in Mexico. 


Glitter Delay Agent - A chemical added to glitter star 
composition, which lengthens the time delay before 
the glitter flash reaction occurs. 

Gerbs differ from fountains primarily by their lacking igicceGliw (Also CGiyceuin, i> S-Propanewioly 3.8 

a base for support. They are commonly used on set : ; . 

; ; ; chemical compound; a colorless, odorless, viscous, 
pieces or as pyrotechnic special effect preloads; see vet ahaes 
Pies ; and sweet-tasting liquid. 
the following illustration. 


In Special Effects: It a common ingredient in fog liq- 
< Electric Match uid (smoke liquid). 
my mek — C20 


Hazard ratings: Health [1], Flammability [1], Reac- 
tivity [0], and Contact [1]. 
<— Tube 


Glycerin - See Glycerol. 
Glazing - See Black Powder Glazing. 


Glitter Effect - An effect that produces glowing dross 
Clay Plug droplets which later terminate in bright yellow or white 


flashes. This produces a sparkling or glittering effect. 
Energy - The work capable of being per- Burning 
formed by a chemical reaction. Gibbs free energy is 


Pyrotechnic 
defined as: Composition 
G=H-T:S, 


Gibbs Free 


ze Flame 


where: 


G =the Gibbs free energy, 
H =the enthalpy of the system, 


: Glowing Dross 
No Droplets 
T =the absolute temperature in Kelvin, and : 
S_ =the entropy of the system. 


\ ‘ ("Spritzels") 
Delayed Glitter . * * 
Free energies of formation are tabulated and used in Flashes (Yellow a ome 
basically the same way as heats of formation. En- onvntushy) “a \ . 
tropy (S) is primarily important in quantifying the ’ 
energy associated with a phase change or with tem- 
erature changes in a gas. : . ; 
P e e The chemistry of this effect is complex; however, 
Girandola - A flying horizontal wheel. It is mounted aluminum (or an aluminum alloy) seems to be a nec- 
on a pole and initially appears much like an ordinary essary ingredient. The effect is normally produced by 
horizontal wheel, rotating in a spray of sparks. While 


stars, but can, with difficulty, be produced by foun- 
still spinning, the device lifts into the air as a result of tains. (Contrast with Flitter Effect.) 
th llective thrust of ber of dri imed 

eee ee ee a eee Glue - Traditionally, any of a number of hydrolyzed 
mostly downward. As the device ascends, the shower fe lly f ; dune SP aaa ae 
of sparks is typically augmented with other displays. De ee Oe ary eer ec 
The primary disadvantage of this device is that when 


gin. At present the term is applied to a wide range of 
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materials with adhesive properties; many glues are 
synthetic in origin. (See Hide Glue, Hot Melt Glue, 
Wheat Paste, and White Glue.) 


Golden Powder - A propellant based on potassium ni- 
trate and ascorbic acid (Vitamin C). It had been sug- 
gested that golden powder would make a non-fouling 
substitute for Black Powder in antique weapons. This 
powder has never been commercialized; however, a 
derivative of it, Black Canyon Powder™, is now be- 
ing manufactured. 


Goldschmidt Reaction - Any of a series of reactions 
in which a reactive metal and an oxide of a less reac- 
tive metal are combined. This is a replacement reac- 
tion, in which the more active metal combines with 
oxygen and the less reactive metal is produced from 
its oxide. This type of reaction is typified by the ther- 
mite reaction and is named after Hans Goldschmidt, 
the inventor of thermite. An example of a Gold- 
schmidt reaction and one that has been suggested as 
possibly having potential as a model rocket fuel is: 


4 Al + 3MnO, > 2 Al,O; + 3 Mn. 


Grain (Rocketry) - The solid propellant charge of a 
rocket motor, without the rocket case (casing). Grains 
are typically case-bonded or cartridge-loaded into the 
rocket case. 


Grain (Weight) - An English unit of weight; equal to 
0.0021 ounce; equal to 0.065 gram. 


Grain Alcohol - See Ethanol. 


Grain Powder - Black Powder with granulations most 
suitable for use in antique weapons. These granula- 
tion designations include a “g’”. Following is a list of 
grain powder granulations and the screen meshes that 
define those granulations. Not more than 3% is re- 
tained on the coarser screen, and not more than 12% 


passes the finer screen. 


Grade Mesh Range 
Cannon 6—-— 12 
Saluting 10— 20 

Fg 12 - 16 
2Fg 16 — 30 
3Fg 20 — 50 
4Fg 40 — 100 
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Gram - (Also g)- A unit of mass; the mass of one cubic 
centimeter (one milliliter) of pure water at 4 °C. A one 
pound force is produced by a mass of 453.6 grams. 


Gram Atomic Weight - See Atomic Weight. 
Gram Formula Weight - See Formula Weight. 
Gram Molecular Weight - See Molecular Weight. 
Granite Star - See Spreader Star. 


Gray Body - An imperfect absorber and emitter of 
thermal radiation. Except for special contrivances, 
black bodies do not exist in the real world. Real 
world incandescent bodies (gray bodies) have emis- 
sivities less than one. Further, their emissivity is not 
constant over all wavelengths. As a result the spectral 
emission curve will deviate from that of a black 
body. Thus, while a perfect radiator cannot produce a 
yellowish light, a gray body can. This is why iron 
sparks appear yellow. 


The sparks produced in pyrotechnics (lampblack, 
carbon, iron, titanium, zirconium, aluminum, and 
magnesium) are all gray bodies to varying degrees. 


Because gray bodies do not radiate according to 
Planck’s law they are sometimes described as having 
a color temperature. Color temperature is computed 
by finding the black body curve that passes through 
the actual spectral emission curve at two points. A 
black body at that temperature approximates the color 
of the gray body. For example, tungsten at 2300 K 
has the color temperature of 2345 K. It is this effect 
that allows gray bodies to appear more yellow than 
predicted for black body emission. (Also see Black 
Body, Planck’s Radiation Formula, and Incandes- 
cence.) 


Green Powder - See Rough Powder, preferred termi- 
nology. In part the term arises because rough pow- 
ders may appear slightly yellowish green because of 
poorly incorporated sulfur. 


Green Propellant - Propellant that is still wet with 
solvent or in which the binder has not fully cured. 


Ground Bomb - See Ground Salute. 


Ground Burst - See Low-Break. 
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Ground Cannonade - (Also Cannonade) - A collection 
of ground salutes, individually suspended from a wire, 
with fusing such that they explode one after another 
along the length of the line with a delay of approxi- 
mately 1 second between explosions. The display 
gives the impression of a line of cannons firing in se- 
quence at night. 


Ground Salute - (Also Ground Bomb and Capa Morte) 
- A single powerfully exploding firework that pro- 
duces a loud noise and usually a bright flash of light. 
The size and construction of these items vary widely. 
(Contrast with Ground Cannonade.) 


Ground Piece - See Set Piece. 
Ground-to-air Fireworks - See Low Level Fireworks. 


Guar Gum - A chemical compound; a jellying agent 
added to commercial explosives to reduce penetration 
of water when loaded in wet boreholes. In these 
situations, water tends to desensitize the explosive, 
which is the reason to attempt to prevent its penetra- 
tion into the explosive. 


Gum Acacia - See Gum Arabic. 


Gum Arabic - (Also Gum Acacia) - A chemical com- 
pound; a natural vegetable gum. It is water soluble 
and used as a binder. In the past gum arabic was used 
extensively in fireworks as a binder. 


Gun - See Mortar, preferred terminology. 


Guncotton - (Also Pyrocellulose) - A form of nitrocel- 
lulose. It was first discovered in Germany in 1845 
when cotton was nitrated using a mixture of concen- 
trated nitric and sulfuric acids. 


Gun Powder - See Black Powder, preferred terminol- 
ogy. 


Guy Wire - Rope, wire or similar material used to 
stabilize set pieces or other above ground fireworks 
devices. For maximum strength, it is appropriate to 
tie guy wires low on their stakes. For safety reasons, 
it is useful to attach flagging to aid in their visibility 
in poor light conditions. Also placing covers over 
metal stakes aids in their visibility and reduces the 
chance of injury if tripped over. 
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ao One Guy 
Wire 


< Pwkle for Mounting 
Firaworks 


(ground) 


Gypsum - See Calcium Sulfate. 
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I 
H - Chemical symbol for the element hydrogen. 
AH,- Symbol for heat of combustion. 
AH; - Symbol for heat of formation. 
AH; - Symbol for heat of reaction. 


Halogens - The chemical group containing: fluorine, 
chlorine, bromine, iodine, and astatine. (Also see 
Chemical Groups.) 


Hammer Shell - A component shell composed of color 
breaks and reports, timed to break in alternation. (In 
the past reports that did not produce a bright flash of 
light were often used.) Shells with nine or eleven 
breaks are most common with the last break being a 
heavy report. 


Hanabi - Japanese word for fireworks; roughly trans- 
lated as “flowers of fire.” 


Handmade Black Powder - See Rough Powder, pre- 
ferred terminology. 


Hangfire - A fuse or pyrotechnic ignition composition 
which continues to glow or burn slowly instead of 
burning at its normal speed. Such a fuse may sud- 
denly resume burning at its normal rate after a long 
delay. This unpredictability constitutes a potentially 
hazardous situation. If the hangfire goes completely 
out (is extinguished), it is termed a misfire. 


Hazard Ratings for Chemicals - (J.T. Baker, Inc.) - 
(Also Chemical Hazard Rating and Safety Rating for 
Chemicals) - There are four primary areas of concern 
for chemical hazards: health, flammability, reactivity 
and contact. Health refers to the danger or toxic effect 
that a substance presents if inhaled, ingested, or ab- 
sorbed. Flammability is the tendency of a substance 
to burn. Reactivity is the potential of a substance to 
explode or react violently with air, water, or other 
substances. Contact is the danger a substance presents 
when exposed to skin, eyes, and mucous membranes. 
The ratings for these hazard areas range from 0 to 4; 
with zero being none, (1) being slight, (2) being 
moderate, (3) being severe, and (4) being extreme. 
The chemicals described in this dictionary have haz- 
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ard ratings listed, where known. The ratings for 
flammability can depend heavily on particle size. For 
that reason the flammability hazard rating may be 
given as a range covering typical particle sizes used 
in pyrotechnic compositions. 


Hazardous Debris - Any debris produced or expelled 
by the functioning of a pyrotechnic device that is ca- 
pable of causing injury or property damage. This in- 
cludes dud shells and unignited components, hot 
sparks and heavy casing fragments. Confetti, light- 
weight pieces of paper, etc., are not considered to be 
hazardous debris. 


HDPE - Abbreviation for high density polyethylene. 
Heading - See Fireworks Rocket Heading. 
Heart - See Colored Heart. 


Heat of Combustion - (Also AH, and Enthalpy of 
Combustion) - The heat released or consumed by 
combining a mole of a material with a stoichiometric 
quantity of oxygen. Heat of combustion is a special 
case of the heat of reaction. 


Heat of Detonation - See Heat of Explosion. 


Heat of Explosion - (Also Heat of Detonation) - The 
energy liberated when an energetic material decom- 
poses by exploding or detonating. 


Heat of Formation - (Also AH; and Enthalpy of For- 
mation) - The heat released or consumed in produc- 
ing one mole of a compound from its constituent 
elements. By definition, the heat of formation is zero 
for pure elements in their natural state at standard 
temperature and pressure. Because heat of formation 
is independent of path (the method of production), 
they may be combined to calculate heats of reaction. 
By the most common convention, negative values are 
exothermic, and positive values are endothermic re- 
actions. 


When all materials are in their standard state, heat of 
formation is usually termed “Standard Heat of Forma- 
tion” and is designated with a superscript zero, AH;°. 


Heat of Reaction - (Also AH, and Enthalpy of Reac- 
tion) - This is the net heat (enthalpy) resulting from a 
chemical reaction. That is to say, the heat of reaction 
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is the net energy difference between the reactants and 
products of a chemical reaction. For a pyrotechnic 
reaction to be self sustained, heat must be produced, 
1.e., it must be an exothermic reaction. 


To compute the heat of reaction, first write out the 
chemical equation. Then, find the heat of formation 
values for the reactants and the products. Next, after 
multiplying by the number of molecules (moles) of 
each type, add the values together for all reactants 
and for all products and subtract the value for the re- 
actants from the value for the products. For example, 
for the flash powder reaction: 


AH; 
Reactants (kcal/mole) 

Al 0 

KCIO, —103 

Products AH¢ 

Al,O3 —400 

KCl —104 

Then, 

AH, = [4(-400) + 3(-104)] — [8(0) + 3(-103)] 

= [-1600 —312] — [-309] 


=—1912 + 309 =—1603 kcal. 


When all materials are in their standard state, heat of 
reaction is usually termed “Standard Heat of Reac- 
tion” and is designated with a superscript zero, AH,°. 
(Also see Endothermic.) 


Heavy Report - An especially powerful report or shot. 
(Also see Bottom Shot.) 


Hess Test - (Also Small Lead Block Test) - A com- 
parative test of explosive strength and a crude test for 
detonation. It is related to the deformation of a lead 
cylinder caused by the detonation of a standard ex- 
plosive, such as TNT. 


A steel disk is generally placed on top of a lead cyl- 
inder that is 40 mm in diameter and 60 mm long. A 
100 g explosive charge is placed upon the steel disk 
and exploded with a detonator. The compression of 
the cylinder is a measure of the explosive output. The 
US DOT uses a similar test for detonation and cap 
sensitivity, wherein compression of the lead cylinder 
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by more than 1/8 inch (4 mm) is a positive result for 
detonation and cap sensitivity. 


Hexachlorobenzene - [CsCl,] - A chemical compound; 
a white powder. 


In_fireworks: In the past hexachlorobenzene was 
commonly used as a chlorine donor. At present it is 
not used in the US and Europe because of health con- 
cers. Hexachlorobenzene may reasonably be antici- 
pated to be a carcinogen. 


Hazard ratings: Health [3], Flammability [1], Reac- 
tivity [1], and Contact [2]. 


Hexachloroethane - [C,Cl,] - A chemical compound; 
a white powder. While not commonly thought of as 
an oxidizer, it is capable of acting as one in the pres- 
ence of an active fuel such as zinc. For example: 


CCl, +3Zn 5 3 ZnCl, +2C 


This reaction is the basis for military HC screening 
smokes. 


Hazard ratings: Health [2], Flammability [1], Reac- 
tivity [1], and Contact [2]. 


Hexamethylenetetramine - (Also Hexamine and 
Methenamine) - [CsH)2N,4] - A chemical compound; a 
white powder. 


In fireworks: Hexamethylenetetramine is a low reac- 
tivity fuel (sometimes referred to as an accessory 
fuel) with potential to act as a flame deoxidizer. Most 
commonly it is used in blue star formulations. 


Hazard ratings: Health [1], Flammability [1], Reac- 
tivity [1], and Contact [1]. 


Hexamine - See Hexamethylenetetramine. 
Hexogen - See RDX. 


Hide Glue - Glue made from animal hide wastes; gen- 
erally available as flakes or granules, which are 
brown in color. Typically, the glue is reconstituted by 
adding glue chips to very hot water (140 °F) and stir- 
ring until dissolved. Its thickness is determined by the 
water to glue ratio and its temperature. It is some- 
times used in fireworks manufacture for gluing aerial 
shell time fuses into end disks and for other similar 
applications where its thickness is an asset. It is often 
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used to seal cartons of consumer fireworks from 
China. 


High Explosive - (Also Detonating Explosive) - An 


explosive that is capable of detonating when uncon- 
fined and initiated with a Number 8 Detonator. High 
explosives produce incredibly high pressures and a 
shattering action. 


Regulatory definition: Explosive materials which can 
be caused to detonate by means of a blasting cap 
when unconfined. Dynamite, TNT, and probably 
some flash powders are examples of high explosives. 
Note: the US Bureau of Alcohol Tobacco and Fire- 
arms has classified all flash powders and bulk salutes 
as high explosives. 


(Also see Detonation and Deflagration.) (Contrast 
with Low Explosive.) 


High Power Rocket - A larger version of a model 


rocket. A rocket exceeding any limit for a model 
rocket and conforming to the requirements of NFPA- 
1127, Code for High Power Rocketry. In essence this 
is a rocket with: a single motor which produces more 
than 160 newton seconds total impulse or an average 
thrust of more than 80 newtons; multiple motors 
which produce more than 320 newton seconds total 
impulse; or a mass in excess of 1.5 kg, including pro- 
pellant. (Also see Composite Rocket Motor.) 


High Power Rocket, Complex - A multi-staged high 


power rocket or one that has clustered rocket motors 
for simultaneous ignition at lift-off. 


High Power Rocket Motor - A rocket motor which 


produces more than 160 newton seconds total im- 
pulse or has an average thrust level of more than 80 
newtons. Like model rocket motors, the power of 
high power rocket motors are designated alphabeti- 
cally, see the following. 


Total Impulse Motor 

(N-s) Type 
160.00 — 320.00 H 
320.01 — 640.00 I 
640.01 — 1,280.00 J 
1,280.01 — 2,560.00 K 
2,560.01 — 5,120.00 L 
5,120.01 — 10,240.00 M 

[Continued] 
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Total Impulse Motor 
(N-s) Type 
10,240.01 — 20,480.00 N 
20,480.01 — 40,960.00 O 


High temperature Oxidizer - See Oxidizer, High 
Temperature. 


HMX - (Also Octogen) - [CaHgNgOx] - A chemical 
compound; a high explosive having one of the high- 
est velocities of detonation, 9100 m/s. 


In rocketry: HMX is used as a high energy compo- 
nent in some military rocket propellants. 


Hobby Fuse - See Visco Fuse. 


Holder - A device, other than a mortar, to hold a pyro- 
technic special effect (typically a preload). A holder 
is used to maintain the safe positioning of the device. 


Hot Melt Glue - A glue made from any of a collection 
of thermoplastic resins, often based on polyethylene. 
It is common for hot melt glue to be manufactured 
into sticks or cylinders of various diameters. Its prin- 
cipal disadvantage for use in pyrotechnics is the ne- 
cessity for its application while hot, typically in the 
range of 300 - 400 °F. This has occasionally caused 
accidental ignitions. It also has poor penetration 
properties. Its principal advantages are its high vis- 
cosity, non-shrinking, elasticity, and rapid setting 
upon cooling. It is sometimes used to glue time fuses 
into aerial shell casings, particularly into plastic cas- 
ing. 


HTPB - Abbreviation for hydroxy-terminated polybu- 
tadiene. 


Hummer - (Also Whizzer and Bee) - A fireworks de- 
vice that makes a humming sound as it is propelled 
and often produces a trail of sparks. It is made using 
a short tube with a thick wall, into which a spark pro- 
ducing derivative of black powder or other propellant 
has been pressed, along with clay as end plugs. An 
exhaust hole is made tangentially into the powder 
charge, and into which a fuse is inserted. When 
burned, the device spins rapidly, producing the hum- 
ming sound while being propelled. Hummers are 
used in aerial shells and Roman candles. 
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Hybrid Rocket Motor - A rocket motor using fuel(s) 


and oxidizer(s) in different physical states. In a hy- 
brid rocket motor the fuel is generally a solid, just as 
in a composite motor. The oxidizer, however, is typi- 
cally a liquid or gas. Combustion takes place in the 
grain; so that portion of the design is very similar to a 
solid propellant rocket motor. The advantages of a 
hybrid rocket motor are that thrust can be throttled, 
the motor may be shut down and restarted, and only 
one liquid tank and pumping system are required. 


Hydrated - The process in which chemicals combine 


with water to form fairly stable assemblages. For 
some chemicals, the proportions of the chemical and 
water are fixed. In barium chlorate, for example, the 
ratio with water is one to one, and the water is part of 
the crystal structure. In a chemical formula this is in- 
dicated with a dot between the chemical formula and 
that for water, 


Ba(ClO3). 7 HO. 


The water is referred to as “water of hydration”. With 
some chemical compounds, the ratio with water is not 
a fixed number. Dextrin, which is a hydrated starch, 
is an example where the number of waters of hydra- 
tion may not be constant. 


Hydroxy-Terminated Polybutadiene - (Also HTPB) 


A polymeric material commonly used as a fuel/binder 
in composite rocket propellants. 


Hydronium Ion - (Also H30°) - The combination of a 


hydrogen ion and a water molecule. A Hydrogen 
atom consists of a single proton with a single orbital 
electron. A hydrogen ion (H’) is a hydrogen atom 
that has lost its only electron; thus it consists of a na- 
ked proton. Isolated protons (hydrogen ions) can ex- 
ist in a plasma, and for very short times in low pres- 
sure gases; however, they cannot exist in solids or 
liquids. In a solid or liquid, a hydrogen ion (proton) 
will instantly become bound to some other chemical 
species. 


In the past, one definition (Brénsted) for an acid was 
that it produced hydrogen ions in aqueous solutions. 
This was a convenient definition, but it was a fiction 
because hydrogen ions (naked protons) cannot exist 
as isolated independent entities in solution. That 
definition has been changed to state that acids pro- 
duce hydronium ions (H;0°) in aqueous solutions. 
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Note that a hydronium ion can be thought to be the 
combination of a hydrogen ion and a water molecule: 


H' + H,O > HO". 


Hygrometer - An instrument for measuring relative 
humidity. 


Hygroscopic - The property of a material that causes it 
to absorb and retain moisture from the air. This at- 
tribute is quantified by specifying the relative humid- 
ity existing over a saturated solution of the material. 
With this system, high relative humidities (>90%) 
correspond to only a slight tendency to absorb mois- 
ture and are generally considered to be non- 
hygroscopic. Those with moderate relative humidities 
(80 to 90%) are generally considered slightly to mod- 
erately hygroscopic. Materials with low relative hu- 
midities (<80%) are generally considered to be too 
hygroscopic for routine use in pyrotechnics. Follow- 
ing is a ranking of some common pyrotechnic materi- 
als from least to most hygroscopic: 


--- 100% --- 
Potassium perchlorate 
Ammonium dichromate 
Lactose 
Potassium dichromate 
Barium nitrate 
Potassium chlorate 
Ammonium perchlorate 
Barium chlorate 
Potassium nitrate 

--- 90% --- 
Strontium nitrate 

--- 80% --- 
Sodium nitrate 

--- 70% --- 
Ammonium nitrate 

--- 60% --- 


The above ranking is for pure materials; impurities 
tend to increase the hygroscopicity of these materials. 
Materials so hygroscopic that they liquefy when ex- 
posed to the atmosphere are said to be “deliques- 
cent”. 


When using a chemical that contains absorbed water, 
in a pyrotechnic composition, the composition pro- 
duces somewhat less energy upon burning. The rea- 
son 1s, energy is consumed in the process of driving 
off the absorbed water. Thus, hydrated chemicals are 
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not as energetic as their anhydrous counterparts. 
(Also see Water of Hydration.) 


Hypergolic - A liquid rocket engine propellant combi- 
nation (fuel and oxidizer), for which the activation 
energy is so low that they self-ignite upon contact. A 
classic hypergolic propellant is red fuming nitric acid 
and hydrazine. 


Hyperterminal Velocity (Rocketry) - A velocity 
greater than at burn-out of a rocket motor. This may 
occur for a two stage rocket which has an extremely 
high-thrust first stage motor and a low-thrust second 
stage motor. It is possible that the thrust produced by 
the second stage will be less than its weight plus 
drag. Accordingly, the rocket’s velocity will drop 
during the burning of the second stage. In this in- 
stance, because the velocity upon burn-out of the first 
stage is greater than the rocket’s terminal (final) ve- 
locity, it would be described as a hyperterminal ve- 
locity. 
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ICI - Abbreviation for International Commission on 
Illumination. 


ICI Muminant “C” - See ICI White. 


ICI White - (Also ICI [lluminant “C”) - The standard 
for white light as defined by the International Com- 
mission on Illumination. This approximates daylight 
at noon and corresponds to the light from an incan- 
descent body heated to 5000 K. 


Igniter Cord - A thin, flexible, hot-burning fuse, usually 
having a diameter of approximately 3/32 inch (2.4 
mm). It may be covered with a sparse wrap of thin 
wires and thread, or it may have a solid plastic jacket. 


Powder Core 
Outer Wires 


Core Wire 
Fine Thread Tape 


Igniter cords are available with various burn rates. 
Approximate burn rates for Canadian Safety Fuse 
(CXA) and Imperial Chemical Industries (ICI) igniter 
cords are: 


Igniter Cord Burn Rate (in/s) 
ICI Brown 12 

CXA White 2.7 

CXA Green 1.3 

ICI Green 0.9 

CXA Red 0.7 


For SI Units: 1 in. = 25.4 mm. 


While igniter cord has several uses in fireworks and 
rocketry, it is primarily manufactured for igniting 
blasting safety fuse. 


Igniter, Electric - See Electric Igniter. 
Ignition - The initiation of self-sustained burning or 
explosion of a pyrotechnic material. Ignition occurs 


when the activation energy of the pyrotechnic mate- 
rial is exceeded. (Also see Propagation.) 
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Ignition, Electrical (Fireworks) - See Electrical Igni- 
tion (Fireworks). 


Ignition Stimulus - The type and amount of energy 
supplied to a pyrotechnic material that could cause 
ignition. The type of stimuli include: thermal (high 
temperature), mechanical (impact and friction), and 
electrical (sparks and arcs). These stimuli can be in- 
tentionally applied for the purpose of achieving igni- 
tion, such as a fuse providing thermal energy or a fir- 
ing pin impacting a primer. It is also possible that 
these stimuli may be applied unintentionally (result- 
ing in an accident), such as an electrostatic discharge 
from a person or the impact from a dropped tool. 
Only when an ignition stimulus is sufficient to actu- 
ally deliver an amount of energy greater than the ac- 
tivation energy for the pyrotechnic material, will ig- 
nition occur. (Also see Propagation Ignition Energy 
Diagram, Sensitivity, and Sigmoid Curve.) 


Ignition Temperature - The temperature at which 
pyrotechnic ignition occurs for a small amount of ma- 
terial. There are several methods to determine igni- 
tion temperature, unfortunately they can yield 
slightly different values for the same material. Fol- 
lowing is a listing of some ignition temperatures for 
various fuels mixed with potassium chlorate (Shid- 
lovskiy): 


Ignition Temperature 


Fuel (°C) (°F) 
Lactose 195 385 
Sulfur 220 430 
Charcoal 335 635 
Magnesium 540 1005 
Aluminum 785 1445 


IME - Abbreviation for Institute of Makers of Explo- 
sives. 


Impact Sensitivity - A measure of a material’s ten- 
dency to be ignited as a result of energy supplied in 
the form of impacting surfaces. Impact sensitivity is 
typically measured in terms of the height from which 
a specific weight must fall upon a sample of material 
to cause its ignition a specific percentage of the time. 
The following figure illustrates a simplified apparatus 
for determining impact sensitivity. 
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The mechanism of initiation is partly from frictional 
forces produced by grains of composition rubbing to- 
gether as it compacts from the impact of the falling 
weight. However, another important aspect can be the 
development of hot-spots produced as a result of 
adiabatic heating from the compression of trapped 
gas within the sample. This is illustrated in the figure 


that follows. 
| Impact 


Obviously, the physical characteristics of the sample 
can play an important role in its impact sensitivity. 


Impulse - Impulse is the integral of force over time. Im- 


pulse equals the change in momentum over that same 
time period. Impulse is an important concept in rocket 
design because it relates directly to momentum. Com- 
mon units of impulse are Newton seconds (N-s) or 
pound force seconds (Ibf- s), with 1 N-s =0.22 Ibf-s. 
(Also see Blast Impulse and Total Impulse.) 


Impulsive Sound - A sound which is primarily a sin- 


gle pressure event with a near instantaneous rise and 
a longer decay, but with a relatively short total dura- 
tion. The sound produced by gunshots and explosions 
are examples of impulsive sounds. (Also see Blast 
Wave.) 


Incandescence - The emission of light by a substance 


at high temperature. For solids and liquids, the emit- 
ted light has a continuous spectrum, whose intensity 
and peak wavelength depend on temperature. 


[Continued] 
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This relationship is illustrated in the following graph. 
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The result of the shift in peak wavelength as a func- 


tion of temperature, produces a change in the color of 
an incandescent object. This is illustrated for Black 
and Gray bodies in the following figure, which is a 
portion of a chromaticity diagram. (Temperatures and 


wavelength are included in this figure.) 
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Sparks are incandescent bodies; thus the above in- 


formation forms the basis for understanding spark 


color and brightness. 
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Incendiary Device - A device for use as a weapon 
which, when ignited, produces heat and a persistent 
flame. 


Inert - Not chemically reactive under specific condi- 
tions. 


Inertial Confinement - The partial confinement pro- 
vided by a mass of material onto itself. When large 
amounts of pyrotechnic composition are present in one 
place, the mass of the composition itself and its reac- 
tion products upon ignition, can act collectively to 
provide confinement of the composition. In that event, 
burn rate can be accelerated, and the burning can 
transition to an explosion. (Also see Critical Mass.) 


Reaction 
Products 


Pyrotechnic 
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Infrared Light - See Light. 


Inhabited Building - A building regularly used for 
human habitation; for example, any church, school, 
store, or structure where people regularly assemble. 
However, any building occupied in conjunction with 
the manufacture, storage, distribution, or use of ex- 
plosives is not considered to be an inhabited building 
for regulatory purposes. 


Inorganic - Referring to chemicals and processes, not 
involving carbon (except for carbonates, cyanides, 
and carbon oxides). Common pyrotechnic oxidizers, 
metal fuels, and most other pyrotechnic ingredients 
are inorganic chemicals. 


Institute of Makers of Explosives - (Also IME) - A 
trade association for explosives manufacturers. They 
produce guides for the safe use of explosives. 


Installed Total Impulse - The sum of the total impulse 
of each rocket motor that is part of a model or high 
power rocket. 


Integral Mortar - A preloaded mortar containing py- 


rotechnic special effects materials, and which is in- 
tended for only one firing. 
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Internally Burning Fuse - Any type of fuse which 
burns with little or no external evidence of its burn- 
ing. An internally burning fuse generally has a heavy 
outer wrapping of inert material. Examples of such 
fuse are fireworks time fuse and blasting safety fuse. 


Ton - An electrically charged atom, molecule, or group. 
The charge is indicated as a superscript at the end of 
the chemical symbol or formula. For example, Ba” 
designates a barium ion with its charge of plus two 
units; and NO; designates a nitrate group with a 
charge of minus one unit. 


Ion Temperature - See Temperature, Ion. 


Ionic Bond - A type of chemical bond, which is char- 
acterized by a transfer of electrons from one atom to 
another making one a positively charged ion and the 
other a negatively charged ion. In ionic bonds, the 
force acting to bind atoms together is the result of 
electrostatic attraction between oppositely charged 
ions. This type of bond typically occurs between me- 
tallic and non-metallic elements, for example be- 
tween sodium and chlorine in the salt sodium chlo- 
ride. 


ir - (Also IR) - Abbreviation for infrared. 


Iron - [Fe] - A chemical element; a silvery metal. 


In fireworks: Cast iron (with approximately 2% car- 
bon) produces beautiful branching yellow sparks. 
However, since iron is easily oxidized, it must be 
coated for protection before use in pyrotechnics. Iron, 
as steel, is used in the manufacture of sparklers. 


Hazard ratings: Health [1], Flammability [1 to 2], Re- 
activity [1], and Contact [0]. 


Iron Oxide - (Also Black Iron Oxide and Ferrosoferric 
Oxide) - [FeO- Fe,03 or Fe3;O,4] - A chemical com- 
pound; a black powder; has a cubic crystal structure. 
It occurs as the mineral magnetite. Although not 
commonly thought of as an oxidizer, it can act as a 
high temperature oxidizer when combined with a re- 
active fuel, e.g., in thermite: 


8Al + 3Fe30,4 > 4A1,03 + 9Fe. 


Hazard ratings: Health [1], Flammability [0], Reac- 
tivity [1], and Contact [1]. 
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Tron(IID) Oxide - (Also Red Iron Oxide and Ferric 


Oxide) - [Fe2O3] - A chemical compound; a red pow- 
der; has a trigonal crystal structure. It occurs as the 
mineral hematite. Although not commonly thought of 
as an oxidizer, it can act as a high temperature oxi- 
dizer when combined with a reactive fuel, e.g., in 
thermite. 


In fireworks: Iron(III) oxide is occasionally used in 
glitter formulations. 


In fireworks and rocketry: Iron(II) oxide is occa- 
sionally used as a catalyst in the decomposition of 


perchlorate oxidizers. 


Hazard ratings: Health [1], Flammability [0], Reac- 
tivity [1], and Contact [1]. 


Isopropanol - (Also Isopropyl Alcohol and Rubbing 


Alcohol) - [C;H;OH] - A chemical compound; usable 
as a solvent for some non-aqueous binders. However, 
it often has a high water content, e.g., commercial 
rubbing alcohol is normally 70% isopropanol and 
30% water. 


Hazard ratings: Health [1], Flammability [3], Reac- 
tivity [2], and Contact [2]. 


Isopropyl Alcohol - See Isopropanol. 


Italian-Style Aerial Shell - A cylindrical aerial shell 


exhibiting certain traditional patterns, forms and con- 
struction techniques as developed in Italy during the 
19th century. 


IUPAC - Abbreviation for International Union of Pure 


and Applied Chemists. 


IUPAC Names - See Chemical Names. 
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J - Symbol for joule. 


Japanese-Style Aerial Shell - A spherical aerial shell 
distinguished from other spherical shells by their con- 


formation to certain aesthetic standards and construc- 
tion techniques, developed in Japan during the 19th 


century. These include near perfect radially symmet- 
ric breaks, patterns of color changes, and the use of 


pistils and multiple petals. 


Joule - (Also J) - The SI unit for work; equal to 0.24 
calorie; equal to | watt second. 
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k - Symbol for kilo, one thousand, or 10°. 
K (Temperature) - Symbol for Kelvin. 


K (Chemical) - Chemical symbol for the element po- 
tassium. 


Kamuro Shell - A spherical shell burst, much like a 
diadem but with even longer burning stars that fall a 
substantial distance while still burning near the end 
of their trajectory. A Kamuro shell usually does not 
have a pistil. 


keal - Symbol for kilocalorie. 


Kelvin Scale - (Also K) - A temperature scale with 100 
equal divisions between the freezing and boiling 
points of pure water at one atmosphere pressure. Zero 
Kelvin corresponds to absolute zero, where all mo- 
lecular motion stops. On this scale, the freezing point 
of water is 273.2 K (0 °Celsius). 


kg - Symbol for kilogram. 


Kilocalorie - (Also kcal) - A metric unit of heat; equal 
to 1000 calories; equal to 4.18 kilojoules; equal to 
3.97 British thermal units (BTU). 


Kilometer - (Also km) - A metric unit of length; equal 
to 1000 meters; equal to 0.62 miles. 


Kilogram - (Also kg) - The SI unit of mass; equal to 
1000 grams; equal to the mass of a liter of water at 4 
°C; produces a 2.2 pound force. 


Kilopascal - (Also kPa) - The SI unit of pressure; 
equal to 1000 Pascal; equal to a 0.145 pound force 
per square inch. 


Kinetic Energy - The energy of a body resulting from 
its motion; for example, the energy of a rocket in 
flight. Kinetic energy (E,) of a body is: 


EK, = Y-m-+v™ 


where m is the mass of the body and v is its velocity. 
(Also see Potential Energy.) 


Kinetic Temperature - See Temperature, Kinetic. 
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Kirchoff’s Law - States that emissivity and absorptiv- 
ity of surfaces in thermal equilibrium are equal. 


km - Symbol for kilometer. 


Koenen Test - (Also Steel Sleeve Test) - A test used to 
measure the sensitiveness of liquid and solid explo- 
sives to the effect of intense heat. [UN Series Test 1 
(b)(i) for Dangerous Goods. ] 


kPa - Symbol for kilopascal. 


Kraft Paper - Kraft paper is the strongest and most 
useful of the so called “coarse” papers. It is available 
in bias weights of 16 to 90 pounds. In making cylin- 
drical aerial shell casings and pasting spherical cas- 
ings, heavy kraft paper (60 to 70 pound) is generally 
used. For the outer paste wrap and finish wrap of cy- 
lindrical casings, lighter weight kraft paper (30 to 40 
pound) is normally used. 


Krushnic Effect - The reduction in thrust (and the 
change in the sound produced) that occurs when a 
rocket motor is recessed into a close fitting body tube 
by more than approximately one half the body tube 
diameter. The effect is probably due to some form of 
nozzle overexpansion. 
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L - Symbol for liter. 


LaChatelier’s Principle - States that a chemical sys- 
tem in equilibrium responds to an external stress in a 
manner so as to relieve the stress. Although not 
strictly applicable, LaChatelier’s Principle can be 
used to help understand how non-equilibrium flame 
chemistry can be manipulated to help produce more 
of the desirable color species and less of those spe- 
cies that weaken colors purity. 


Lactose - (Also Milk Sugar) - [Cj2H240,2] - A chemi- 
cal compound; a natural sugar from milk. 


In fireworks: When combined with potassium chlo- 
rate, lactose has a relatively low sensitivity and very 
low ignition temperature. Accordingly, lactose is 
commonly used in smoke formulations. It is also a 
low reactivity fuel (an accessory fuel) with potential 
to act as a flame deoxidizer. It is often used in blue 
star formulations. 


Hazard ratings: Health [0], Flammability [1], Reac- 
tivity [1], and Contact [0]. 


Lambetti - A traditional Italian color effect of relatively 
quiet, bright flashes from small bursting devices. 


Lampblack - [C] - A black amorphous form of the 
element carbon with a low density. Lampblack is 
produced by burning a hydrocarbon under oxygen 
deficient conditions. 


A very small percentage of lampblack can darken 
compositions, thus increasing the efficiency of ther- 
mal energy feedback. Accordingly, small amounts of 
lampblack can aid in the ignition and propagation of 
pyrotechnic materials. 


Electrically conductive lampblack can be used in 
bridge-wireless electric matches and to make conduc- 
tive paints that control electrostatic problems. 


In fireworks: Lampblack is a low flammability fuel 
capable of producing very long lasting, finely dis- 
persed dim gold sparks. 


In rocketry: Lampblack (and graphite) are used to 
opacify rocket fuel grains. The opacifier accelerates 
the rate of surface burning and prevents infrared ra- 
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diation energy from penetrating the propellant grain. 
Such energy penetration can cause pre-ignition in the 
body of the grain, possibly resulting in a catastrophic 
failure of the rocket motor. 


Hazard ratings: Health [1], Flammability [2], Reac- 
tivity [0], and Contact [1]. 


Lance - (Also used as the plural) - Small paper tubes, 
approximately 5/16 inch in diameter by 4 inches long 
(8mm by 100 mm) charged with pyrotechnic compo- 
sition. Lance is used for making pictures, letters or 
designs in white or colored fire. Essentially, a lance is 
a small flare. (Also see Lancework.) 


Lance Tube - A small, thin-walled tube, approxi- 
mately 5/16 inch in diameter by 4 inches long (8mm 
by 100 mm), into which slow burning colored flame 
composition is loosely compacted to make lance. 


Lancework - A frame on which numerous lance are 
mounted. The lance are connected by quick match, 
and, when ignited, produce lighted designs, emblems, 
slogans, etc. Following is an illustration of how a 
lighted lancework, portraying a military tank, might 
appear at night. (Also see Set Piece.) 


Cr 2 


Ib - Symbol for pound. 

Ibf - (Also Ib) - Symbol for pound force. 

LD5o - Symbol for Lethal Dose (50%). 

Lead Block Test - See Trauzl Test and Hess Test. 


Lead Oxide, Red - (Also Red Lead and Minium) - 
[Pb30,4] - A chemical compound; an amorphous, 
orangish red powder. 


In fireworks: Red lead oxide is most commonly used 
to make crackling microstars (Dragon’s Eggs); it is 
also occasionally used to make special hot burning 
primes. 


[Continued] 
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In explosives: Red lead oxide is used in the manufac- 
ture of igniter cord. 


Hazard ratings: Health [3], Flammability [0], Reac- 
tivity [1], and Contact [1]. 


Lead Styphnate - (Also Lead Trinitroresorcinate) - 
[Cs5H(NO2)3(O2Pb)] - A chemical compound; a pri- 
mary explosive used in some detonators. 


Lead Trinitroresorcinate - See Lead Styphnate. 


Leader (Fireworks) - A length of quick match used to 
transfer fire to a device. (Also see Shell Leader.) 


Leg Wires - The electrical wires pre-attached to electric 
matches by the manufacturer. These wires vary in 
length and are used to connect to rails or trunk lines 
in electrically fired displays. 


Lethal Dose (50%) - (Also LDs0) - The amount of a 
chemical substance that, if ingested, constitutes a le- 
thal dose for 50% of the population. Because body 
weight has a significant effect on what constitutes a 
lethal dose, the units for LDs9’s are in milligrams (of 
substance) per kilogram (of body weight). 


Lift - See Lift Charge. 


Lift Charge - (Also Lift Powder and Lift) - Granulated 
Black Powder positioned beneath an aerial display 
shell, comet or star. When ignited in the confined space 
of a mortar, the lift charge produces the high pressure 
needed to propel the projectile into the air. For aerial 
display shells, the lift charge is normally enclosed in 
paper (or sometimes, in plastic) and is ignited by the 
shell leader or an electric match. The burning charac- 
teristics of Pyrodex™ and smokeless powder are not 
suitable for use as lift charge. (Also see Shell Firing 
Sequence.) 


Lift Powder - See Lift Charge. 


Lift Wrap - The final wrap of paper, applied dry, to an 
aerial display shell. This wrap covers the shell leader 
(bottom-fused shell) or the passfire (top-fused shell) 
on the side of the shell and forms the container or 
covering for the lift charge beneath the shell. 


Light - (Also Visible Light, Ultraviolet Light, and In- 
frared Light) - Photons with energies to which human 
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eyes respond (visible light, approximately 400 to 700 
nm wavelength), plus those photons with slightly 
more energy (ultraviolet light, 200 to 400 nm) and 
those with slightly less energy (near infrared light, 
650 nm to 10 um). (Also see Photon, Color Spec- 
trum, and Electromagnetic Spectrum.) 


Light Spectrum - See Color Spectrum and Electro- 
magnetic Spectrum. 


Limestone - See Calcium Carbonate. 
Line of Purples - On a chromaticity diagram, the set 


of colors along the line connecting the reddest red 
and the most violet of spectral colors. 


520 


505 


730 


Purples 


380 


The colors along the Line of Purples are the only 
100% pure composite colors. 


Line Rocket - A case, typically with a nozzle or 
choke, charged with a fast burning composition and 
attached to a cord or wire. The device follows the 
guide instead of flying freely. Line rockets and their 
elaborations are sometimes called radios, rats, flying 
pigeons, or simply pigeons. 


Direction of Travel 
a 


Guide Wire Guide Tube 


2. of ara Whistling Rocket/Gerb 


Line Spectrum - See Spectrum, Atomic. 


Linear Burn Rate - See Burn Rate. 
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Liner, Chipboard - See Chipboard Liner. 


Liquid Oxygen Explosive - (Also LOX) - An explosive 
first made by Karl von Linde in 1895. It was pro- 
duced by dipping bags of carbon black in liquid oxy- 
gen. (Note that in rocketry, LOX is the abbreviation 
for liquid oxygen.) 


Liquid Propellant Rocket Engine - (Also Liquid 
Propellant Rocket Motor) - A rocket engine that util- 
izes a fuel and oxidizer in the liquid state, including 
liquid monopropellants. 


Liter - (Also L) - Metric unit of fluid measure or vol- 
ume; equal to 1000 cm’; equal to 1.06 quart. 


Loadable Rocket Motor - A model or high power 
rocket motor that is supplied with its propellant sepa- 
rate and which must be inserted (loaded) into the 
rocket motor before use. 


Loader - An assistant, who is responsible for properly 
transporting aerial shells from the ready box and 
loading them into the mortars during a display. 


Low-Break - (Also Ground Bursts) - An aerial display 
shell which explodes significantly below the usual 
height, either on the way up or down. This can be the 
result of: loading a shell into an oversize mortar, in- 
sufficient (or lost) lift powder, a mortar that has rup- 
tured or lost its plug, or a problem with the time fuse. 


@aocn-s 
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Ground Level 


Low Explosive - (Also Deflagrating Explosive) - An 
explosive that burns or deflagrates upon ignition. As 
a consequence, low explosives tend to produce rela- 
tively low pressures and more of a heaving action 
rather than the shattering action of high explosives. 
Generally, low explosives are only capable of pro- 
ducing powerful explosions when present in large 
quantities, or when confined. 


Regulatory definition: Explosive materials which can 
be caused to deflagrate when confined. Black Pow- 
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der, most propellants, and most fireworks composi- 
tions are examples of low explosives. 


(Also see Deflagration and Detonation.) (Contrast 
with High Explosive.) 


Low Level Fireworks - (Also Ground-to-Air Fire- 
works) - Any of a class of fireworks devices that ei- 
ther perform below approximately 200 feet (60 m) or 
begin their display at ground level and rise to com- 
plete their effect. Some examples of low level fire- 
works are: comets, mines, roman candles, and many 
consumer fireworks. 


Low Temperature Oxidizer - See Oxidizer. 


LOX - Abbreviation for liquid oxygen explosive and 
for liquid oxygen. 


Lycopodium Powder - (Also Dragon’s Breath) - The 
spores produced by the club moss, lycopodium. This 
very fine organic powder is easily dispersed into a 
cloud which can then be ignited by a spark or flame. 
This is not a pyrotechnic material; however, it is eas- 
ily dispersed into the air and may be used by special 
effects operators to produce fire effects. 
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NOTES ae 


u- Greek letter mu; symbol for micro-, one millionth, 
or 10°; also sometimes used as a symbol for micron, 
which is a micrometer. 


tum - Symbol for micrometer. 


m - Symbol for meter. 


m - Symbol for milli-, one thousandth, or 10°. 


M - Symbol for mega-, one million, or 10°. 


M-80 - One type of a small but powerful exploding 
device containing flash powder. It was originally de- 
signed and used as a small military gunfire and ex- 
plosion simulator. Essentially identical devices were 
allowed for sale to the public in the US prior to the 
passage of the Child Protection Act of 1966. By one 
design, they were made using a 9/16 inch (14 mm) ID 
by 1% inch (37 mm) long paper tube, generally with a 
red paper wrap. The ends were closed with end plugs 
and the device was fitted with a short length of visco 
fuse. (Also see Cherry Bomb and Silver Salute.) 


Mach Diamonds - Diamond shaped features exhibited 
by the exhaust plumes of rocket motors and engines. 
Mach diamonds are caused by colliding shock waves 
in the exhaust of under or over expanded nozzles. In 
a perfectly expanded nozzle there are no Mach dia- 
monds. Most nozzles exhibit Mach diamonds because 
they are optimized for some altitude other than 
ground level. In model and high power rocketry the 
expense of making a perfectly formed nozzle with the 
proper expansion ratio is prohibitive thus virtually all 
of these motors produce Mach diamonds. 


Mach Number - The ratio of the speed of an object or 
fluid divided by the speed of sound in the surround- 
ing medium. An object traveling at Mach one in air 
has a velocity equal to the speed of sound in air (ap- 
proximately 1100 ft/s or 335 m/s). 


Machine (Fireworks) - A method of displaying fire- 
works rarely seen today. It is a large, ornate structure, 
perhaps 20 or 30 feet high and possibly hundreds of 
feet long. Most of the fireworks are discharged from 
the top or behind the Machine, while other fireworks 
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are used to illuminate the Machine from the front. It 
generally required the fortunes of royalty to afford 
such a setting for a fireworks display. 


Magazine (Explosives) - A building or structure used 
exclusively for the storage of explosives. The US Bu- 
reau of Alcohol, Tobacco and Firearms defines five 
types of storage facilities: 


Type Allowed Contents 

1 (permanent) High Explosives 
Low Explosives 
Blasting Agents 

2 (portable) Same for Type | 

3 (“day box”) Same for Type 1 

4 Low Explosives 
Blasting Agents 
Electric Detonators 

5 Blasting Agents 


In addition to the above types of outdoor magazines, 
there are also indoor versions of Type 2 and Type 4 
magazines that can be used for the storage of less 
than 50 pounds of explosives. Indoor magazines may 
be located in any building that is not a residence. 


Magazine Tender - See Ready Box Tender. 


Magnalium - [Mg/Al] - A reactive silvery metal; an 
alloy of magnesium and aluminum. It is available in 
various proportions, but a ratio of 50:50 is most 
common. 


In fireworks: Magnalium is commonly used in glitter 
and strobe formulations and to brighten flames. It 
generally does not require coating as does magne- 
sium. 


Hazard rating: Health [1], Flammability [2 to 4], Re- 
activity [2], Contact [1]. 


Magnesium - [Mg] - A chemical element; a highly 
reactive silvery metal; has a hexagonal crystal struc- 
ture. 


In_fireworks: Magnesium is commonly used to 
brighten flames without decreasing color purity, but 
it generally requires a protective coating. It is also 
used in strobe formulations. 
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In special effects: Magnesium is commonly used as 
the fuel in theatrical flash powder. 


In rockets: Magnesium is used as a reactive fuel in 
some composite propellants. 


In military pyrotechnics: Magnesium is the principal 
fuel in illuminating flares and IR (Infrared) Delay 
Flares. 


Health rating: Health [1], Flammability [2 to 4], Re- 
activity [2 to 3], Contact [1]. 


Magnesium Carbonate - [MgCOs] - A chemical com- 
pound; a white powder; has a trigonal crystal struc- 
ture. It occurs as the mineral magnesite. 


In fireworks: Magnesium carbonate is used as a glit- 
ter delay agent. Magnesium carbonate is occasionally 
used as a flow agent to facilitate the loading of com- 
positions. 


Hazard rating: Health [1], Flammability [0], Reactiv- 
ity [1], Contact [1]. 


Magnus Force - The aerodynamic force acting on a 
tumbling object (one spinning with its axis of rotation 
perpendicular to its direction) as it moves through the 
air. This is the effect that a baseball pitcher uses to 
throw a curve ball. To see how this comes about, 
consider the illustrations that follow. 


“OE aH 


Relative 
Air Motion 


As an aerial display shell moves through the air, the 
air must pass around it (A). In this case, the pressure 
on both sides of the shell, e.g., P; and P2 are equal 
(B), and there is no net force on it. 


Relative 
a 


B 
(B) Air Motion 
PS P, 
By = me 


[Continued] 
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However, if the aerial shell is spinning (tumbling), as 
in (C), the pressures on the shell are no longer bal- 
anced, and a net force results. 


Relative 
ay \ ia Air Motion 
—> — 


Tumbling 
Aerial 
Shell 


This force is the result of a boundary layer of air ro- 
tating along with the shell. On the left side of the 
shell the boundary layer is moving in the same direc- 
tion as the air flow past the shell; on the right, they 
are moving in opposite directions. This gives rise to 
the Bernoulli-like pressure effects on the shell, which 
are unbalanced and cause the shell to be pushed off 
course. (Also see Shell Drift.) 


Manganese Dioxide - [MnO] - A chemical com- 
pound; a black powder; has a rhombic crystal struc- 
ture. It occurs as the mineral pyrolusite. Although not 
commonly thought of as an oxidizer, it can act as a 
high temperature oxidizer when combined with a re- 
active fuel. 


In fireworks and rocketry: Occasionally manganese 
dioxide is used as a catalyst to aid in the decomposi- 
tion of oxidizers. 


In rocketry: It has been suggested to use manganese 
dioxide and aluminum as a propellant. It would have 
a relatively low specific impulse but would provide 
an interesting after burn of manganese metal vapor 
and a brown smoke train. (Also see Goldschmidt Re- 
action.) 


Hazard rating: Health[1], Flammability [0], Reactiv- 
ity [1], Contact [1]. 


Manufacturer - In the parlance of the US Bureau of 
Alcohol, Tobacco and Firearms; it is the person or 
entity that combines non-explosive materials to make 
explosives. Accordingly, a person that purchases pre- 
made explosive materials and assembles them into 
devices is a “user” and not a “manufacturer”. How- 
ever, generally, in the codes of the National Fire Pro- 
tection Association, both a person making the explo- 
sives and a person assembling them into devices, are 
manufacturers. In the case of binary materials (binary 
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systems), the National Fire Protection Association 
considers only the packager of the non-pyrotechnic 
components to be the manufacturer. 


Maroon - (French for chestnut) - An exploding device 
that produces a loud noise. 


In fireworks: In the past maroons were made using 
Black Powder as the pyrotechnic charge and had to 
be very strongly encased to produce the loud sound. 
Thus such maroons did not produce a bright flash of 
light. After potassium chlorate became available, re- 
ports could be made that produced sharper cracks and 
that required less strong casings. At present maroons 
are rarely used, having been replaced by flash powder 
and salutes. 


In pyrotechnic special effects: In this country, loud 
explosive noises tend to be made using concussion 


mortars. However, in some countries, it is common to 
use maroons, which are electrically fired charges 
loaded with flash powder. 


Mass Burn Rate - See Burn Rate. 


Mass Detonation - A term, neither uniquely nor pre- 
cisely defined, referring to the essentially simultane- 
ous explosion of a collection of explosive units. 


One area of confusion is introduced because of in- 
cluding low explosives such as Black Powder as po- 
tentially mass detonating. The confusion arises be- 
cause these materials are incapable of detonation. 
Another area of confusion is the length of time over 
which the individual explosive units are allowed to 
function and still be considered mass detonating. For 
a detonation to be communicated between two explo- 
sives, it is reasonable to require that the individual 
units be initiated at the time of arrival of the shock 
wave or projectiles from an initial explosion, i.e., 
subsequent explosions within a few milliseconds, 
even for charges separated by a few feet. 


In cases where the manner of communication and the 
nature of the explosions are unknown, the term “mass 
exploding” is more technically correct. 


Match - See Black Match, Cross Match, and Quick 
Match. 


Match Pipe - (Also Fuse Case or Fuse Casing) - The 
loose paper tube surrounding the black match in 
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quick match. The combination of black match and the 
match pipe constitutes quick match. 


Matrix Racks - See Mortar Racks, Dense Pack. 
Matrix System - See Multi-Ground System. 


Meal Powder - Finely granulated Black Powder. Meal 
powder is available in three granulations. These are 
listed in the following table, with the screen mesh 
size on which no more than 3% is retained. 


Grade Mesh 
Meal D 40 
Meal F 100 
Meal XF 140 


Mechanical Explosion - An explosion caused by the 
mechanical rupturing of a pressure vessel, for exam- 
ple, a steam boiler explosion. 


Mercurous Chloride - See Mercury(I) Chloride. 


Mercury(I) Chloride - (Also Mercurous Chloride and 
Calomel) - [Hg2Cl] - A chemical compound; a white 
powder; has a tetragonal crystal structure. It occurs as 
calomel. 


In fireworks: In the past mercury(I) chloride was used 
as a chlorine donor. At present it is not used. 


Hazard ratings: Health [3], Flammability [0], Reac- 
tivity [0], and Contact [3]. 


Mesh Number - (Also Mesh, Mesh Size, and Sieve 
Size) - A designation of the number of wires, of stan- 
dard thickness, per inch used to make a sieve. Indi- 
rectly it defines the maximum size of particles that 
can pass through a sieve and the minimum size that is 
retained on the sieve. Following is a listing of some 
US Standard Mesh Numbers and the space between 
the wires in inches and microns (micrometers). 


Mesh Screen Openings _ 

Number (inches) (microns) 
14 0.056 1400 
25 0.028 710 
60 0.0098 250 
100 0.0059 150 
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Mesh Screen Openings 
Number (inches) (microns) 
200 0.0030 74 
325 0.0017 44 
400 0.0015 37 


(Note: the larger the mesh number, the smaller the 
particles must be to pass through the sieve.) 


Mesh Size - See Mesh Number. 


Metal Fuel - Powdered metals used to increase the 
energy production of a pyrotechnic composition. For 
this reason, metal fuels find application in many areas 
of pyrotechnics. 


Metal Fuel (Fireworks) - An energetic fuel used to 
produce noise, brighten color flames and generate 
special effects. Metal fuels are typically used in flash 
powders, with very fine particle size aluminum being 
the most common. 


All else being equal, when more energy is produced, 
there is an increase in flame temperature and a great 
increase in the intensity of light produced. Generally, 
the addition of a color agent and chlorine donor to a 
composition reduces the flame temperature, which 
results in a substantial decrease in the intensity of 
light produced. Accordingly, a benefit of using metal 
fuels in colored flame compositions is that their in- 
creased energy production allows the use of larger 
amounts of color agent and chlorine donor without 
decreasing the light intensity produced. 


The most common metal fuels used in colored flame 
compositions are aluminum, magnalium, and magne- 
sium. Aluminum is often the safest to use because its 
oxide coating decreases its reactivity and the compo- 
sition’s sensitivity. However, the burning of alumi- 
num produces aluminum oxide in the flame, which 
incandesces to reduce the purity of the colored light 
produced. Magnesium may be less safe to use but 
produces the highest purity colored flames. Magnal- 
ium is a good compromise in terms of safety and 
color purity. 


Metal fuels can also be used to produce spark, glitter 
and strobe effects. 


Metal Powder Types - The metal powders commonly 
used in pyrotechnics can be classified by their parti- 
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cle shapes. Particle shape is an important considera- 
tion, because it affects the surface area to mass ratio 
of particles, and thus its chemical reactivity. 


Particle shape is a direct result of the method of 
manufacturing of metal powders. One of the most 
common methods of metal powder manufacturing is 
atomization. A liquid metal is sprayed into an atmos- 
phere, where it cools and solidifies. For aluminum, if 
the atmosphere is inert, the resulting particle shapes 
tend to be quite spherical. However, when oxygen is 
present, a crust of oxide forms, tending to produce 
particle shapes that are distorted (less perfect) 
spheres, called spheroids. When the method of pro- 
duction is to grind solid metal, granular particles are 
produced having sharp angular features. When atom- 
ized or granular particles are further processed by 
milling or stamping, thin flakes are formed. Often, to 
keep the flakes from sticking together during milling, 
a lubricant such as stearine is added to coat the sur- 
face of the particles. 


Because of surface area to mass ratio differences, for 
the same size particle, the order of chemical reactiv- 
ity from least to most reactive powder is: spherical 
atomized, spheroidal atomized, granular, and flake. 


Metallic Bond - A type of chemical bond, which is 
characterized by the non-localized sharing of the 
outer shell electrons by all of the atoms in a crystal or 
region. 


Metathesis - See Double Decomposition Reaction. 


Meter - (Also m) - The SI unit of length; equal to 100 
centimeters; equal to 39.4 inches. 


Methanol - (Also Methyl Alcohol and Wood Alcohol) 
- [CH3;0H] - A chemical compound; a solvent for 
some non-aqueous binders. However, there is a con- 
cer for methanol’s health effects upon inhalation. 


Hazard ratings: Health [3], Flammability [3], Reac- 
tivity [1], and Contact [1]. 


Methenamine - See Hexamethylenetetramine. 
Methyl Alcohol - See Methanol. 


Microballoons - Very tiny hollow spheres added to 
materials for control of density, or added to some ex- 
plosives to control sensitivity. Air or other gases 
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blended in an explosive affect its density and sensi- 
tivity. However, simply the introduction of air bub- 
bles into a composition is problematic since their size 
can change with time and temperature. Accordingly, 
glass, plastic and even internally-coated aluminum 
microballoons are commonly used. 


Micrometer - (Also nm and Micron) - A metric unit of 
length; equal to 1/1,000,000 meter; equal to 0.00004 
inch. 


Micro-Stars - Essentially any small star with a short 
duration burn. One common form is a strobe star, 
which is so small that it is only capable of a single 
flash event. Such micro-stars are most commonly 
found in consumer fireworks fountains. When burn- 
ing, the fountain propels the micro-stars into the air, 
while they are undergoing their dark reaction. Then, 
while still airborne, the micro-stars undergo their 
flash reaction. Some micro-stars produce a color ef- 
fect during their flash reaction; others produce white 
flashes and a crackling sound (e.g., Dragon’s Eggs). 


Micron - See Micrometer. 


Mighty-Mite Mortar™ - A brand of high density 
polyethylene, blow-molded fireworks mortar. It is 
manufactured in 2, 2%, 3, and 4 inch (51, 64, 76, and 
102 mm) diameters. 


Milk Sugar - See Lactose. 


Millimeter - (Also mm) - A metric unit of length; 
equal to 1/1000 meter; equal to 0.039 inch. 


Milliliter - (Also mL) - A metric unit of fluid measure 
or volume; equal to 1/1000 liter; equal to 1 cm’; 
equal to 0.033 fluid ounce. 


Mine - (Also Mine Preload) - A device designed to 
project many ignited stars and/or other effects into 
the air from a mortar. 
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When compared with fireworks aerial shells, mines 
usually produce visual effects which are seen at lower 
altitudes. Mines, and more commonly mine preloads 
(see the following), are also used as pyrotechnic spe- 
cial effects. 


Paper Cap 
Tube 


Paper Plug 
Stars 
Propelling Charge 


; Clay Plug 
m<— Electric Match 
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Minium - See Lead Oxide, Red. 


Misfire - A malfunction of a fuse or pyrotechnic igni- 
tion composition which fails to ignite or fails in the 
ignition of the main charge. (Also see Shell Misfire.) 


Mixing Building - A building used for the mixing or 
blending of pyrotechnic or explosive materials. A 
mixing building is a type of process building. 


Mixture, Chemical - See Chemical Mixture. 

mL - Symbol for milliliter. 

Mg - Chemical symbol for the element magnesium. 
mm - Symbol for millimeter. 


Model Rocket - (Also Toy Rocket) - An aero model 
conforming to the requirements presented in NFPA- 
1122, Code for Model Rocketry. Some of the specific 
requirements are that it: has a mass of not more than 
1.5 kg (including propellant), be made of materials 
such as paper or wood, has a recovery system, is re- 
usable, is powered by a model rocket motor, and is 
flown for educational or recreational purposes. 


Model Rocket Motor - A solid propellant or pressur- 
ized liquid rocket motor conforming to the require- 
ments presented in NFPA 1122, Code for Model 
Rocketry. The power (total impulse) of these motors 
and their motor type designations follow. 
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Total Impulse Motor 
(N - s) Type 
0.00 — 1.25 YA & VA 
1.26 — 2.50 A 
2.51 — 5.00 B 
5.01 — 10.00 C 
10.01 — 20.00 D 
20.01 — 40.00 E 
40.01 — 80.00 F 
80.01 — 160.00 G 


Following is an illustration of typical model rocket 
motor construction showing its nozzle, propellant 
grain, delay charge and ejection charge. 


Delay and Smoke 
Tracking Element 


Propellant 
Grain 


Clay or Paper 
Retainer Cap 


Casing Ejection Charge 


Because of its design, upon firing, the typical model 
rocket motor rapidly makes a transition from core 
burning to end burning. 


In the above illustration, A is the motor prior to igni- 
tion, and B, C, and D illustrate early stages of its 
burning. 


Module (Rocketry) - A propellant, delay or ejection 
component for a loadable or reloadable model or high 
power rocket motor. It is a pyrotechnic composition, 
in a finished state, and does not require compounding 
or mixing by the user. 


Mole - A fixed large number of chemical units (atoms 


or molecules). One mole is defined as the number of 
atoms in exactly 12 grams of carbon-12; it is equal to 
6.023 x 10° atoms. One mole of anything (atoms, 
molecules, ions, etc.) contains 6.023 x 107° of those 
things. Thus a mole of each type of atoms has the 
same number of atoms. From the chemical equation: 
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Zn + S > ZnS, 


it is known that one atom of zinc reacts with one 
atom of sulfur to make one molecule of zinc sulfide. 
Accordingly it follows that that one mole of zinc re- 
acts with one mole of sulfur to make one mole of zinc 
sulfide. In all cases, the mass of a mole of atoms 
equals their atomic weight in grams, which can be 
obtained from tables, e.g., one mole of zinc has a 
mass of 65 grams, and one mole of sulfur has a mass 
of 32 grams. Accordingly, it is known that 65 grams 
of zinc reacts completely with 32 grams of sulfur to 
make zinc sulfide. 


What has been said above, for atoms reacting, applies 
equally for molecules. In all cases, the mass of a mole 
of molecules equals their molecular weight in grams. 
(See Molecular Weight for how molecular weights 
are derived from atomic weights.) 


Molecular Spectrum - See Spectrum, Molecular. 


Molecular Temperature - See Temperature, Molecu- 
lar. 


Molecular Weight - (Also Gram Molecular Weight) - 
The average mass of a molecule relative to 1/12 the 
mass of carbon-12 atoms. Molecular weights are de- 
termined by simply adding up the atomic weights of 
the atoms in the molecule. For example, the molecu- 
lar weight of carbon dioxide is calculated to be 44: 


C.. -6; 
12 + 2(16) = 44. 


One mole of any molecule has a mass equal to its 
molecular weight in grams (sometimes referred to as 
its gram molecular weight). Accordingly, from the 
chemical equation, 


O, +C7> CO,, 


it is known that one mole of oxygen molecules com- 
bines with one mole of carbon atoms, to produce one 
mole, or 44 grams, of carbon dioxide. Knowledge of 
atomic and molecular weights can be useful when 
developing pyrotechnic formulations. (Also see For- 
mula Weights.) 


Molecule - A grouping of atoms into a chemical unit. 
Some molecules have only one atom, e.g., helium - 
He. Some molecules have just two atoms (they are 
called diatomic molecules), e.g., hydrogen - H», and 
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nitrogen - N». However, most molecules have three or 
more atoms, e.g., water - HO; methane - CHy; and 
plastics, which can have thousands of atoms in a sin- 
gle molecule. 


Monitor (Fireworks) - A person designated to keep the 
audience outside the secured boundary of the display 
site. 


Monitor, Safety (Rocketry) - See Safety Monitor. 


Monopropellant - A propellant that as a single entity 
provides everything needed to produce heat and gas 
for propulsion. A monopropellant may combine fuel 
and oxidizer such as nitrocellulose, the most common 
example of a solid monopropellant (also called sin- 
gle-base propellant). A monopropellant also may be 
one that can undergo catalytic decomposition, such as 
hydrazine. 


Mortar (Fireworks) - (Also Mortar Tube and Gun) - A 
tube closed on one end, from which aerial shells, 
mines, or comets are fired. Various materials can be 
used for mortars. The following list is organized 
roughly in terms of mortar safety and performance: 


Filament wound composite (glass) 
Steel (Heavy-walled) 

High Density Polyethylene (HDPE) 
Paper 

Aluminum 

Polyvinyl Chloride (PVC) 


For electrically-fired, single-break aerial shells, HDPE 
is generally preferred over steel. For manually fired 
displays it is generally felt that steel mortars should 
be buried in the ground and barricaded with sand 
bags. Also for manually fired shells, aluminum and 
PVC are generally not considered acceptable from a 
safety standpoint because of the especially dangerous 
fragments that are likely to be generated in the event 
of a shell-detonation. For multibreak shells, generally 
only steel provides sufficient strength. However, de- 
pending on their construction, filament wound com- 
posite mortars may also be sufficiently strong. 


Mortar (Pyrotechnic Special Effects) - See Concus- 
sion Mortar and Integral Mortar. (Also see Flash Pot, 
Smoke Pot, Puff Pot, and Flame Projector.) 
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Mortar Burst - An aerial display shell malfunction 
where the shell bursts (explodes) within the mortar. 
There are two types of mortar bursts: 1) a flowerpot, 
which is a relatively weak explosion that often leaves 
even a paper mortar intact; and 2) a shell-detonation, 
which is a powerful explosion that can destroy even a 
steel mortar. 


Mortar Length - The length of mortar tube extending 
above its plug. The height attained by aerial display 
shells depends, among other things, on the length of 
the mortar from which it is fired. The following 
graph illustrates the effect of mortar length (based on 
the Shimizu ballistics model). 
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Mortar Length (inches) 


Shells should be propelled to a sufficient height by 
their mortars, such that burning debris is extinguished 
well before reaching the ground. This can be estab- 
lished by testing if desired. However, there are gen- 
eral recommendations for mortar lengths. For exam- 
ple, for single-break shells, it is generally recom- 
mended that mortar length be at least 5 times the 
mortar diameter for shells less than 8” (205 mm) and 
4 times the mortar diameter for mortars 8” (205 mm) 
and above. Also, the NFPArecommends: 


Minimum Inside Mortar Length 


(inches) 

Mortar Single- Double- Up to 
ID (in.) Break Break 4-Break 
3 15 18 21 
4 20 23 ay 
5 24 28 32 
6 28 32 37 
8 34 40 46 
10 40 46 54 
12 46 52 62 


For SI units: 1 in. = 25.4 mm. 
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Mortar Organization - For electrically fired displays 


and for preloaded manually fired displays, the or- 
ganization of mortars is of little consequence. How- 
ever, for manually fired displays, in which mortars 
are to be reloaded, thought should be given to orga- 
nizing the mortars so that loading errors are less 
likely. It is generally believed that the mortars should 
be grouped by size; the groups should be separated; 
and adjacent groups should differ in size by more 
than one inch. An illustration of such a setup follows. 


5" 3" 
000000 


OO 


Mortar Placement - When mortars are set vertically, 


they should be placed at the approximate center of 
the display site. When mortars are angled, they must 
be angled away from spectators and should be offset 
from the center of the display site, somewhat closer 
to the spectators. This allows sufficient space for dud 
shells and dangerous debris to safely fall inside the 
boundaries of the display site. 


Mortar Plug - That which is used to close the end of a 


pipe to make a fireworks mortar. With some mortar 
materials it is possible to eliminate the need for a 
plug by molding the mortar with the closure already 
in place (e.g., some HDPE mortars). With other mate- 
rials, the plug may be welded in place (e.g., with steel 
mortars). When a plug is welded in place, the plug 
should be at least as thick as the wall of the mortar. 
Also the weld should be a fillet weld (see following 
illustration), as opposed to a butt weld. 


Fillet Weld 


When the plug is made of a different material than 
the mortar tube, it is most often made of wood. It is 
generally recommended that the thickness of wooden 
plugs should be at least half the internal diameter of 
the mortar. Further, in the case of paper mortars, be- 
cause of the tendency for fasteners to tear the paper 
over time, it is generally recommended that the plug 
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thickness be equal to the mortar internal diameter. ciation makes the following recommendations for 
Wooden plugs are most often secured with nails, mortars of various materials: 


bolts or screws. 
Steel Mortars: 


Minimum Mortar Wall Thickness 
(inches) (a) 


Mortar Cylindrical Multi- 
ID (in.) Spherical Single-Break Break(b) 
3 0.04 0.11 0.21 
4 0.05 O12 0.23 
Mortar Racks - (Also Racks) - Sturdy wooden or : . ey os 
metal frames used to support mortars in an upright g 0. 09 01 6 0. 31 
position usually above ground. A mortar rack of typi- 10 0. nT 0. 18 0. 35 
cal wooden construction is illustrated below. Al- D 0. 13 0. 20 0. 39 
though commonly used, such a rack cannot be relied ; ; ; 
upon to survive a shell malfunction that bursts a mor- For SI units: 1 in. = 25.4 mm. 
a (a) The tensile strength of the steel should be at least 
40,000 psi. 
(b) Wall thicknesses are those of American National 
aA Standard Schedule 40 pipe. 
Paper Mortars (Convolute or Spiral): 
Minimum Mortar Wall Thickness 
VP (inches)(a) 
(Note that Mortar Cylindrical Cylindrical 
no means of ID (in.) Spherical Single-Break Two-Break 
mortar support 
heehoan show 3 0.25 0.25 0.37 
in this drawing.) 2x4 4 0.25 0.33 0.50 
= 0.31 0.42 0.62 
Mortar Racks, Dense-Pack - (Also Matrix Racks) - 6 0.37 0.50 0.75 
Mortar racks that are so strongly constructed that it is 8 0.50 0.62 (b) 
safe to place mortar tubes in close proximity to each 10 0.62 (b) (b) 
other. Typically such racks are constructed of welded 12 0.75 (b) (b) 


square tubular steel members. These racks must be of 
sufficient strength such that if one mortar explodes, 
while adjacent mortars may be damaged, they should (a) The cross-grain tensile strength of the paper 
not become aimed in dangerous directions. should be at least 2,300 psi. 

(b) Data not currently available. 


For SI Units: 1 in. = 25.4 mm. 


Mortar Strength - In the simplest terms, the strength 
required for mortars is that which is sufficient for 
them to withstand the pressures generated in shell fir- 
ings. This can be determined through testing. How- 
ever, there are guidelines available which suggest ap- 
propriate wall thickness for mortars of some materi- 
als. For example, the National Fire Protection Asso- 
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High Density Polyethylene Mortars: 


Minimum Mortar Wall Thickness 
(inches) (a) 


Mortar Cylindrical Cylindrical 
ID (in.) Spherical Single-Break Two-Break 
3 0.15 0.20 (b) 

4 0.20 0.26 (b) 
=) 0.25 (b) (b) 

6 0.30 (b) (b) 


For SI units: 1 in. = 25.4 mm. 


(a) The tensile strength of plastic should be at least 
3,500 psi. 
(b) Data not currently available. 


by the bursting of the preceding section. (Contrast 
with Shell of Shells.) 


Multiple Tube Device - (Also Birthday Cake or Cake) 


- A fireworks device usually consisting of four or 
more relatively small diameter tubes that are chain 
fused to fire in sequence after a single ignition. These 
items discharge projectiles (e.g., stars, comets, whis- 
tles, shells, etc.) into the air. Many multiple tube de- 
vices are constructed with the individual tubes in firm 
contact with each other and held together with some 
combination of cord, wire, glue and paper. Others are 
constructed so that each tube is firmly attached to a 
base of wood or paper. Although they meet the gen- 
eral definition, boxed finales are generally not re- 
ferred to as multiple tube devices. Because of the 


general appearance of some multiple tube devices, 
they are sometimes referred to as “birthday cakes” or 
simply as “cakes”. (Also see Bombardo Racks.) 


Note that these recommendations are for materials 
with specific tensile strength. This is not to say that 
materials with lesser tensile strengths are unaccept- 
able. Weaker materials may be used, providing an 
appropriate adjustment is made to the wall thickness. 
The appropriate adjustments to wall thickness can be 
calculated using Barlow’s Formula. 


Munroe-Neuman Effect - An effect from explosive 
charges discovered in 1888. Specifically, an impres- 
sion is left on an inert material by a detonating con- 
cave-shaped explosive charge. This is the principle 


Mortar Trough - (Also Sand Box) - Above ground | Used in shaped charges. 


structures filled with sand or similar material into 
which mortars are positioned ready for use in a fire- 
works display. 


Muzzle - The end of a fireworks mortar where an ae- 
rial shell exits. 


Muzzle-Break - (Also Muzzle-Burst) - A malfunction- 
ing aerial shell which bursts just as it leaves the mor- 
tar, scattering high velocity burning stars and other 
material in all directions near ground level. It appears 
somewhat like the following illustration. 


Mortar Tube - See Mortar. 


Motor Reloading Kit - A kit containing propellant 
grain, delay charge, ejection charge, and all other 
components necessary to load and fire a reloadable 
rocket motor. 


Nearly 
Spherical 


Multi-Ground System - (Also Matrix System) - A 
Pattern 


method used in electrical firing panels to allow the 
firing of large numbers of electrical circuits with a 
relatively small number of switches and wires. Such a 
system uses both: a series of firing lines, each with a 
switch; and a series of ground lines selected with an- 
other switch(s). Care must be taken with such a sys- 
tem that all hardware used is intended for a multi- 
ground system, i.e., that isolation diodes are incorpo- 
rated to prevent unintentional firings. 


Ground Level 


This is a dangerous malfunction which does not al- 
low time for the firing crew to react. 


Multibreak Aerial Shell - An aerial display shell 
composed of more than one distinct section, each 
producing a separate effect in sequence and ignited 
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atin 
n - Symbol for nano-, | billionth, or 10°. 

N - Symbol for newton, a unit of force. 

Na - Chemical symbol for the element sodium. 


Nail Board - See Probe Firing Panel. 


Naphthalene - [C,oHs] - A chemical compound; a 
white crystalline powder with a coal-tar odor. It can 
be used to produce carbonaceous (black) smoke, ei- 
ther by addition to a pyrotechnic composition or by 
addition to a flammable liquid, which is then burned 
in alr. 


NAR - Abbreviation for the National Association of 
Rocketry. 


National Association of Rocketry - (Also NAR) - An 
association of model and high power rocket enthusi- 
asts, both amateur and professional. 


National Fire Protection Association - (Also NFPA) 
An association of individuals with an interest in Fire 
Prevention, many of whom serve on technical com- 
mittees writing codes and standards with the goal of 
safety and fire protection. 


National Fireworks Association - (Also NFA) - A 
trade association promoting fireworks. 


Natural Barricade (Magazine) - Natural terrain fea- 
tures that function as effective barricading for a 
magazine. This may consist of such things as hills or 
a stand of trees sufficiently dense that the magazine 
cannot be seen when the trees are bare of leaves. 
(Also see Barricade.) 


Negative Phase - Any pressure excursion below at- 
mospheric pressure. In an explosion, the negative 
phase follows the positive phase of the blast wave. 
(See Blast Wave for its general appearance.) 


Neutral (Charge) - An entity carrying neither a posi- 
tive nor a negative charge. Occasionally for clarity, a 
neutral atom is indicated with a small superscript 
Zero, €.g., S° and Fe° are neutral sulfur and iron at- 
oms, respectively. 
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Neutral (Chemical) - Describes a solution in which 
hydroxide ions (OH ) are in balance with hydronium 
ions (H30°). Neutral aqueous solutions have a pH of 
7 


Neutral (Electrical) - The side of an AC power line 
which is connected to earth ground. 


Neutral Burning (Propellants) - (Also Neutral Grain) 


For solid rocket propellants: Neutral burning is when 
the thrust produced is constant over the period of 
burning. 


For smokeless propellants: Neutral burning is when 
the configuration of propellant grains is such that the 
rate of gas production is constant over the duration of 
burning. 


One grain configuration, which has approximately 
neutral burning is a cylinder with a single axial perfo- 
ration (hole). As the burning on the outside of the 
cylinder acts to reduce the burning surface area, the 
burning in the axial hole increases the area approxi- 
mately an equal amount. Thus, since the burning sur- 
face area remains approximately constant, the rate of 
gas generation also is approximately constant. 


Neutral Grain - See Neutral Burning. 


Neutron - One of the two types of elementary particles 
found in the nucleus an atom. It carries no charge and 
has a mass approximately the same as a proton, 
which is approximately 2000 times the mass of an 
electron. 


Newton (Also N) - An SI unit of force; equal to 
1 kg- m/s’; equal to 0.22 pound force. 


NEA - Abbreviation for the National Fireworks Asso- 
ciation. 


NFPA - Abbreviation for the National Fire Protection 
Association. 


Niagara Falls - See Waterfall. 


Nitrocellulose - (Also Pyroxylin, Collodion, and Cel- 
luloid) - [CsH7N30,;] - A chemical compound; an 
amorphous colorless substance made from the nitra- 
tion of cellulose (plant fiber). 
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In fireworks: Nitrocellulose is commonly dissolved 
in acetone forming nitrocellulose lacquer. It is used 
as the waterproofing on Visco fuse. It is also used as 
a fast drying binder. 


Hazard ratings (10% lacquer): Health [1], Flammabil- 
ity [3], Reactivity [2], and Contact [1]. 


(Also see Gun Cotton, Flash Paper, and Single-Base 
Propellant.) 


Nitrogen Padding - (Also Nitrogen Blanket) - The fill- 
ing of a container with nitrogen gas to prevent the oxi- 
dation of the chemical therein, typically a fuel. This 
also prevents the possible formation of an explosive 
gaseous mixture of air and fuel in such a container. 


Nitroglycerin - [C3HsN30 | - A chemical compound; 
an explosive discovered by A. Sobrero in 1846. It is 
an ester of glycerin and nitric acid. It is the explosive 
ingredient in dynamites and is used in double and tri- 
ple-base propellants. 


nm - Symbol for nanometer, one billionth of a meter, 
or 1x10? meters. 


No-Fire Current - The maximum electric current that 
can be applied to an item for testing its electrical in- 
tegrity without causing any degradation of the device. 


For an electric match, the no-fire current is the 
maximum electric current that can be applied to an 
electric match for 5 seconds and which produces zero 
(0) ignitions in 100 trials of matches drawn randomly 
from production. The no-fire current for typical elec- 
tric matches is approximately 0.25 ampere. When 
testing for continuity of firing circuits, no more than 
20% of the no-fire current (0.05 ampere) should be 
used. (Also see Firing Current.) 


Noble Gases - The chemical group consisting of: he- 
lium, neon, argon, krypton, xenon, and radon. (Also 
See Chemical Groups.) 


Noise (Acoustic) - A pressure disturbance transmitted 
through air or other gas to which the human ear can 
respond (20 Hz to 20 kHz), but which are generally 
not considered pleasing. 


Noise (Fireworks) - An audible pyrotechnic effect, 
intentionally produced as the primary function of a 
device. Salutes, reports, and shots produce a noise 
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effect. The sound of a shell firing from a mortar or a 
color shell bursting in the air do not constitute pyro- 
technic noise. Similarly, whistles are not considered 
pyrotechnic noise. 


Nomatch™ - A system for igniting fireworks using 
shock tube. 


Non-Aqueous - Not associated with water. A non- 
aqueous solution is one made with a solvent other 
than water, e.g., alcohol or acetone. 


Non-Sparking Material - Any material that is essen- 
tially incapable of producing incandescent particles 
(sparks) as a result of mechanical action. Some ex- 
amples of non-sparking materials follow. 


Non-Sparking Materials 


Aluminum 
Beryllium-Copper Alloy 
Brass 

Bronze 

Epoxy Paint 
Lead-Antimony Alloy 
Leather 

Plastic 

Stainless Steels (Some) 
Wood 


The use of non-sparking materials for tools and work 
surfaces is appropriate for safety. Further the US Bu- 
reau of Alcohol, Tobacco and Firearms has a re- 
quirement that the interior surfaces of magazines that 
can come into contact with explosives, must be non- 
sparking. 


Non-Spectral Colors - Those purplish colors occur- 
ring inside the triangle ABC in the following illustra- 
tion. These colors include the pure colors along the 
“Line of Purples”. 
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520 


Non-Spectral 


505 Colors 


Line of Purples 


(Also see Chromaticity Diagram, Line of Purples, and 
Spectral Colors.) 


Nonel™ - See Shock Tube. 
Normal Temperature - See Temperature, Normal. 


Nosing - Several turns of paper fastened to the end of a 
roman candle, fountain, gerb, or other device that are 
used to retain prime or secure the fuse. 


Nozzle - A device used to shape and direct the flow of 
the working fluid from a rocket motor. A nozzle com- 
monly has three sections; convergent, throat, and di- 
vergent. 
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The design of the nozzle makes a large contribution to 
the efficiency of a rocket motor. The efficiency of noz- 
zle design is expressed as “thrust coefficient” (C,), 
which relates to the thrust (F) produced by a rocket 
motor: 


F = Cr: P, ° Au 
where P, is the motor’s chamber pressure and A, is the 
throat area of the nozzle. The values for thrust coeffi- 


cient are generally in the range of 1.1 to 1.5. (Also 
see de Laval Nozzle and Area Ratio.) 
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O - Chemical symbol for the element oxygen. 


Occupational Safety and Health Administration - 
(Also OSHA) - An agency of the US government that 
has established regulations for safety and health in 
the work place. 


Octogen - See HMX. 


Ohm/’s Law - A mathematical equation describing the 
relationship between voltage (E), current (I) and re- 
sistance (R) in an electric circuit. Specifically, 


E=I-R; 
thus a potential of one volt is sufficient to cause a 
current of one ampere to flow in a circuit which has a 


resistance of one ohm. Ohm’s law can be rewritten in 
its algebraically equivalent forms as 


I = ER, and 
R = EB/L. 


(Also see Voltage, Current, and Resistance.) 


Open Circuit - An electric circuit in which there is no 
continuous path through which an electric current can 
flow. For example, an open circuit cannot fire an elec- 
tric match because no current can flow. Often an open 
circuit is the result of an error in connecting the wiring, 
in which wires fail to make electrical contact, or have 
accidentally been pulled apart or broken. Normally, 
an open circuit has near infinite resistance. An open 
circuit does not have electrical continuity, which can 
be determined using a continuity or resistance tester. 


Electric Match Head 


Open Circuit 


Leg al 


Operational Shield - A barrier around a machine, for 
the protection of persons (the operator) or for control- 
ling the spread of an accident from one area to an- 
other. 


Operator, Display - See Display Operator. 
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Operator, Pyrotechnic - See Pyrotechnic Operator. 


Optimum Liftoff Weight - That liftoff weight (mass), 
including propellant, that results in a rocket reaching 
the highest altitude possible for the motor being used. 
Each rocket/motor combination has a different opti- 
mum liftoff weight. For smaller model rocket motors 
(lower total impulse), the optimum weight is often 
less than the weight of the motor alone. 


Organic - Generally referring to materials produced by 
or from biologic organisms. 


In chemistry: Organic pertains to carbon compounds 
(excluding carbon dioxide, carbonates and cyanides). 


In pyrotechnics: Some of the common non-metallic 
fuels are organic chemicals, for example, red gum, 
lactose, and shellac. Essentially all polymeric materi- 
als are organic chemicals, for example, hydroxy- 
terminated polybutadiene, polyvinyl chloride, and 
Saran™ resin. 


Orpiment - See Arsenic Trisulfide. 


OSHA - Abbreviation for US Occupational Safety and 
Health Administration. 


Outboard Motors (Rocketry) - The outer (as opposed 
to central) motors in a cluster of rocket motors. 


Overpressure - See Blast Pressure and Blast Wave. 
Overpressure, Peak - See Peak Overpressure. 


Oxidation - Originally oxidation was only considered 
to be the process of something chemically combining 
with oxygen, such as the rusting of iron: 


4Fe + 3 O, => 2 Fe,O3. 


However, this definition has been expanded to cover 
a much wider group of chemical reactions, of which 
the combining with oxygen is only one type. Oxida- 
tion is now defined as any process in which there is a 
loss of electrons from one atom because of their 
transfer to another atom during a chemical reaction. 
In the above chemical equation, each iron atom goes 
from a zero charge state to the +3 state because of the 
transfer of three electrons to oxygen atoms. Each 
oxygen atom, in turn, goes from the zero charge state 
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to —2. With this broader definition of oxidation, the 
reaction of zinc and sulfur, 


Zn + S > ZnS, 


is also an example of oxidation, without any oxygen 
being involved. It is oxidation because zinc goes from 
a zero charge state to the +2 state, i.e., it transferred 
(lost) two electrons to sulfur during the reaction. 


Oxidation Number - (Also Oxidation State) - The 
formal charge that an atom in a molecule or ionic 
group would have if the electrons in each of its bonds 
were assigned to the most electronegative atom. In 
the example of carbon dioxide (CO;), oxygen is most 
electronegative (3.44 versus 2.55 for carbon). Thus 
the two electrons from each bond with oxygen are 
assigned to the oxygen atoms, giving them a —2 oxi- 
dation number, and giving the carbon atom a balanc- 
ing +4 oxidation number. As another example, con- 
sider the ionic group, the perchlorate ion (ClO, ). 
Here again oxygen is the most electronegative (3.44 
versus 3.16 for chlorine); thus each oxygen again has 
an oxidation number of —2. Chlorine would have a +8 
oxidation number. However, since the perchlorate ion 
carries a —1 charge, chlorine’s oxidation number is 
reduced to +7. 


Oxidation/Reduction Reaction - See Redox Reaction. 


Oxidizer - (Also Low Temperature Oxidizer) - Usually 
oxygen-rich, ionically bonded chemicals that decom- 
pose at moderate temperatures. When these chemicals 
decompose, they release oxygen which is then able to 
combine with fuels. An oxidizer is an essential ingre- 
dient of pyrotechnic compositions. A list of common 
pyrotechnic oxidizers follows. 


Oxidizer Formula 
Ammonium dichromate (NH,4)2Cr,07 
Ammonium perchlorate NHzC1O, 
Barium chlorate Ba(ClO3)> 
Barium nitrate Ba(NO3). 
Potassium chlorate KCIO; 
Potassium dichromate K,Cr.O7 
Potassium nitrate KNO; 
Potassium perchlorate KCIO, 
Sodium nitrate NaNO; 
Strontium nitrate Sr(NO3)> 


Illustrated Dictionary of Pyrotechnics 


Given the expanded definition of oxidation, in addi- NOTES 
tion to ionic oxygen rich solids, an oxidizer can be 
any material capable of being reduced by accepting 
electrons. Accordingly, covalently bonded molecules 
containing fluorine and chlorine, and elemental sulfur 
sometimes act as pyrotechnic oxidizers. Some exam- 


ples are: 
Oxidizer Formula 
Hexachloroethane CrCl, 
Sulfur S 
Teflon™ (CF 4)n 


(Also see Oxidation, Reduction, and Redox Reaction.) 


Oxidizer, High Temperature - An oxidizer which only 
makes its oxygen atoms available for reaction at rela- 
tively high temperatures, typically in the range from 
approximately 800 to 1200 °C. 


In fireworks: High temperature oxidizers are impor- 
tant in producing strobe effects. 


In other cases: High temperature oxidizers are impor- 
tant in Goldschmidt reactions. 


Examples of high temperature oxidizers are: 


Oxidizer Formula 
Barium sulfate BaSO, 
Calcium sulfate CaSO, 
Iron oxide (red) Fe,03 
Iron oxide (black) Fe;0, 
Potassium sulfate K,SO, 
Lead oxide Pb30,4 
Sodium sulfate Na2SO, 
Strontium sulfate SrSO, 


For these chemicals to function as an oxidizer, in ad- 
dition to a high temperature, they must usually be 
combined with an energetic fuel such as aluminum. 
(Also see Goldschmidt Reaction and Strobe Effect.) 


The Support of: 


Ed Brown 
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P - Chemical symbol for the element phosphorus. 
Pa - Symbol for Pascal. 


Paper - Papers are generally classed as either fine or 
coarse. Fine papers are used in writing or for printing 
books. Coarse papers are typically used for packaging. 
Many kinds of papers are used in making fireworks 
devices. (Also see Chipboard, Container Board, 
Gampi Tissue Paper, Kraft Paper, and Tagboard.) 


Paper Grain - Referring to the approximate orienta- 
tion of cellulose fibers in paper. The manufacture of 
paper by machine introduces a grain into the finished 
paper. There is a tendency for the cellulose fibers to 
line up in one preferred direction, which is the direc- 
tion of motion of the paper as it is drawn from the 
paper pulp solution. Accordingly, paper in rolls has 
its grain along the length of the paper and not across 
the width of the paper. The grain of paper can be im- 
portant for a number of reasons. The tensile strength 
of paper with a grain depends of the whether it is 
measured cross-grain or along-grain, with cross-grain 
tensile strength generally lower. Paper tears and folds 
easier along the grain than cross grain. When wetted 
on only one side paper tends to curl, and that curl is 
such that the grain is perpendicular to the curve. 
When the grain is unknown, tearing and curl upon 
wetting can be used to identify the grain of paper. 
The correct orientation of the grain of paper in mak- 
ing aerial shell and rocket casings can be important 
because of strength and handling characteristics. 


Parachute Shell - An aerial display shell that bursts 
weakly to produce a bundled parachute, which un- 
furls to fall slowly to the ground. Typically, there is 
some display attached to the parachute. In daylight 
parachute shells, the display is often a flag, a recog- 
nizable figure (e.g., cartoon character), or colored 
smoke effects. For night parachute shells, the effect is 
often composed of one or more relatively long burn- 
ing flares. 


Parallel Burning - That type of pyrotechnic burning 
which proceeds linearly, layer after parallel layer, 
along the length of the composition. Generally this 
type of burning proceeds relatively slowly and in a 
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controlled manner. Parallel burning is typical of a 
tightly compacted pyrotechnic composition, where 
there is little or no penetration of combustion gases. 
(Contrast with Propagative Burning.) 


Hot Combustion Gases 


Pyrotechnic 
Composition 


Parallel Circuit - A type of electric circuit in which 
the current from a power source divides to pass 
through a number of individual devices, after which 
the individual currents are again brought together and 
flow back to the power source. 


Power R 
Source 4 


In a parallel circuit the total resistance (R,) is: 
1 


R, = 


1/Ry + I/Ry + 1/R3 +... 1/Ra 


When the resistance of each device has the same 
value, this equation simplifies to: 


R, = R/, 
where n is the number of devices in the parallel cir- 
cuit. 


To successfully fire a number of electric matches 
connected in parallel, the combination of the power 
source and trunk lines must allow a sufficiently high 
current to flow to each of the individual electric 
matches. (Contrast with Series Circuit.) 


Parallel-Wound Tube - See Convolute-Wound Tube. 
Paris Green - See Copper(I) Acetate Metaarsenate. 
Park Curtain - See Waterfall. 


Parlon™ - (Also Chlorinated Rubber and Chlorinated 


Isoprene) - A chemical compound; an amorphous 
white powder. 


In fireworks: Parlon is used as a chlorine donor for 
colored flames and sometimes also as a binder that is 
soluble in ketones. 
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Hazard ratings: Health [2], Flammability [1], Reac- 
tivity [1], and Contact [1]. 


Pascal - The SI unit for pressure; equal to one newton 
per square meter (n/m’); equal to 1.45x10~* pounds 
force per square inch (psi). 


Passfire - A section or separate piece of quick match 
or black match that is positioned along the side of a 
top-fused aerial shell. It conveys fire from the shell 
leader to the lift charge. 


Pacifier - See Chemical Pacifier. 


Paste Wrap - A wrap of kraft paper which has been 
thoroughly impregnated with wheat paste before ap- 
plying to the exterior of an aerial display shell. When 
properly done, this wrap dries hard and smooth, 
providing strength and a gas-tight seal. 


Pasting - Pasting describes the application of paste- 
wetted paper to a cylindrical or spherical aerial shell. 
The most commonly used paste is wheat paste, some- 
times with a small amount of white glue added. The 
consistency of the paste is usually quite watery, with 
only a little more paste than it takes to make the solu- 
tion feel slippery between the fingers. Probably the 
easiest way to get the paper thoroughly wetted with 
paste is to thickly coat the paper with paste and wait 
until the paste soaks into the paper. However, the best 
way may be to coat the paper with paste, then crum- 
ple it into a tight ball; smoothing it out just before 
use. This is called “breaking the paper”; it aids in the 
absorption of the paste and makes the paper easier to 
apply. Cylindrical aerial shells generally have only a 
single paste wrap, which is usually applied after the 
shell has been strung (spiked). Sometimes the coating 
of strings of a cylindrical aerial shell with paste is al- 
so called pasting. Spherical aerial shells have many 
layers of pasted paper applied in strips. 


Pattern Shell - An aerial display shell, usually spheri- 
cal, which produces a distinctive pattern in the sky. 
These patterns can include: butterflies, hour glasses, 
crosses, rings, stars, hearts, letters and a variety of 
other shapes. The patterns are formed as a result of 
placing the stars at various specific positions within 
the shell. In terms of ease of star placement, ring 
shells are the simplest, with a ring of stars being 
placed in a plane against the inner wall of the shell 
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casing. Other patterns require the placement of stars 
at varying distances from the center of the shell, such 
that they are then propelled to varying distances 
when the shell explodes. 


Payload - The mass of material (if any) intended to be 
transported by a rocket to a high altitude. (Also see 
Fireworks Rocket Heading.) 


Pb - Chemical symbol for the element lead. 
PBX - Abbreviation for plastic bonded explosive. 
Peak Blast Overpressure - See Peak Overpressure. 


Peak Overpressure - (Also Peak Blast Pressure) - The 
maximum pressure rise (maximum overpressure), 
above atmospheric, produced by a blast wave. (Also 
see Blast Pressure.) 


Pellet Powder - Black powder which has been pressed 
in to large pellets, such as would be suitable for load- 
ing into drill holes for blasting. The pellets are ap- 
proximately 1’ inch in diameter and 2 inches long. 


Pentaerythritol Tetranitrate - (Also PETN) - 
[CsHgN,O;2] - A chemical compound; the high ex- 
plosive most commonly used in detonating cord (Det- 
Cord). It has a velocity of detonation of 8,400 m/s 
(27,600 ft/s). 


Peony Shell - A spherical hard breaking aerial shell, in 
which the stars do not leave trails of sparks. In the 
classic form, the force of the burst and the burn time 
of the stars are such that the trajectories of the stars 
appear straight, without noticeable bending due to 
gravity. The term peony is not always used in this 
precise way and loose usage is common. (Contrast 
with Chrysanthemum Shell.) 


Percussion Primer - See Primer (Firearms). 
Periodic Chart - See Periodic Table of the Elements. 


Periodic Table of Elements - (Also Periodic Chart 
and Periodic Table) - A listing of all the known 
chemical elements, in a manner that places elements 
with similar physical and chemical characteristics in 
vertical columns. 
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Petal - A spherically symmetric pattern of stars pro- 
duced by a Warimono-type shell. A shell which pro- 
duces only one such spherical pattern is called single- 
petaled. Those that produce more than one concentric 
pattern are called multi-petaled. To achieve this ef- 
fect, the stars are placed in concentric spherical layers 
within a spherical shell. The layer of stars nearest the 
shell wall typically is composed of the largest diame- 
ter and longest burning stars. These stars are pro- 
pelled outward the farthest when the shell bursts. Pet- 
als that spread less than one third the diameter of the 
full display are usually termed pistils. 


PETN - Abbreviation for pentaerythritol tetranitrate. 


PGI - (Also PGID) - Abbreviation for the Pyrotechnics 
Guild International, Inc. 


pH - A measure of acidity and alkalinity. It is defined 
as: 


pH = -log [H30'], 


where [H3;0’] is the molar hydronium ion concentra- 
tion (moles per liter). 


Phenolic - A term describing materials made using a 
phenolic resin, e.g., paper phenolic tubes. 


Phenolic Resin - Any of a collection of thermosetting 
resins derived from phenols and aldehydes. 


Phlegmatize - To reduce the impact and friction sensi- 
tivity of an explosive through the addition of a small 
amount of an additive, usually an oil or wax. 


Photoflash Powder - A loose pyrotechnic mixture that 
yields a large amount of light for a fraction of a sec- 
ond upon ignition. It is intended primarily as a light 
producer and not for sound production; however, if 
enclosed, photoflash can explode with great violence. 


Photon - A quantum (wave/particle) of electromag- 
netic energy, of which light, radio waves, and x-rays 
are examples. The relationship between a photon’s 
energy (E), its wavelength (A), and its frequency (v) 
is: 


E=h-v, or E =h-c/A, 


where h is Planck’s constant, and c is the speed of 
light. (Also see Electromagnetic Spectrum.) 
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Picric Acid - (Also Trinitrophenol) - [CsH3;N307] - A 
chemical compound; a yellow powder. Picric acid is 
an explosive, first produced by P. Woulfe in 1771 by 
nitrating silk. It was initially used as a yellow dye. 


In fireworks: In the past salts of picric acid were used 
to produce whistling effects and as an ingredient in 
colored fire. At present it is not used. 


PIE Diagram - See Propagation Ignition Energy Dia- 
gram. 


Piped Match - See Quick Match. 


Pistil - In the classic (Japanese) form, a dense symmet- 
rical spherical pattern of stars inside the break of a 
chrysanthemum or peony. A pistil that spreads to 
greater than one third the diameter of the break is 
usually termed a petal. However, many variations ex- 
ist and the term is loosely applied. Shells smaller than 
5 inches (127 mm) generally do not allow for the 
construction of true pistils. Sometimes contrasting 
colored stars are simply loaded within the break 
charge to fill the center of the star pattern. Some 
shells imitate botanical pistils by using just a few 
large contrasting bright stars at the center of the star 
pattern. (Contrast with Colored Heart.) 


Pitot Tube - A tube with a hole in its end, positioned 
such that the hole faces into a fluid flow. A pitot tube 
measures the so-called dynamic pressure (or stagna- 
tion pressure) of the stream, i.e., the static pressure 
plus the pressure created by stopping the moving 
fluid. 


Planck’s Constant - A constant important in quantum 
mechanics and our understanding of atoms and their 
emission of light. It is 6.6x10** joule second. 


Planck’s Radiation Formula - The spectral distribu- 
tion of energy radiated from a black body. Postulated 
by Max Planck in 1900 as a way to describe the 
emission of energy by hot objects. To avoid an infin- 
ity in the predicted total energy radiated from a black 
body, Planck had to assume that the radiated wave- 
lengths occurred in discrete intervals. This was the 
first hint of what was to become quantum mechanics, 
the most successful theory of modern science. 


Planck’s Equation may be written: 
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he? 


Wi ~ (eI ) 


where: 
W)= radiated power in W/m’; 
X = wavelength in m; 
h = Planck’s constant, 6.62x10*4 J Ss; 
k =Boltzmann’s constant, 1.38x10~° J/K; and 
c =the speed of light, 2.99x10* m/s. 


Plasma - The so-called fourth state of matter. A plasma 
consists of a gas that has been totally or partially ion- 
ized. The gas inside an operating neon sign or fluo- 
rescent tube is a plasma. Flames too are partially ion- 
ized gases and can therefore be loosely called plas- 
mas. The point where a gas becomes a plasma is gen- 
erally considered to be when 5% of the constituents 
of the gas are ionized. Plasmas that have as many 
positive charged ions as electrons are said to be neu- 
tral, all flames in pyrotechnics are neutral plasmas. 


Plaster of Paris - See Calcium Sulfate. 


Plastisol - A finely powdered resin dispersed in a plasti- 
cizer. One example is polyvinyl chloride resin in dioc- 
tyl adipate. When the resin goes into solution with the 
plasticizer, it forms a solid gel. This process is accel- 
erated at elevated temperatures. If the resin and plas- 
ticizer are mixed with an oxidizer before heating, solid 
rocket propellants and other solid pyrotechnic mate- 
rials can be made. Typical gel temperatures for pyro- 
technic plastisols are in the range of 130 to 175 °C. 


Poka Shell - A weak breaking spherical aerial shell. The 
most common examples are shells disbursing a para- 
chute or willow stars. These shells are made with con- 
siderably less break powder and less pasted paper than 
a Warimono Shell. (Contrast with Warimono Shell.) 


Policing - Searching and cleaning an area. 


In fireworks: The search for and removal of dud 
shells and components is sometimes described as po- 
licing an area. 


Polverone - See Pulverone. 
Polymer - A long chain molecule composed of repeat- 
ing small units, for example polyethylene [(C2H4)q] 


which is made by the linking together of very many 
ethylene molecules (C Hy). 
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Polytetrafloroethylene - (Also Teflon™) - [(C2F4),] - 
A chemical compound; a synthetic polymer. 


In the military: Polytetrafloroethylene is used as the 
oxidizer for magnesium in infrared (ir) decoy flares. 


Polyvinyl Chloride - (Also PVC) - [(C:H3Cl),] - A 
chemical compound; a synthetic polymer. 


In fireworks: Polyvinyl chloride is used as a chlorine 
donor. 


In rocketry: Polyvinyl chloride is used as a fuel and 
binder in plastisol propellants. 


Hazard ratings: Health [2], Flammability [1], Reac- 
tivity [1], and Contact [1]. 


Polyvinylidene Chloride - (Also Saran™ Resin) - 
[(C2H2Cl.),] - A chemical compound; a synthetic 
polymer used as a chlorine donor. 


Hazard ratings: Health [1], Flammability [2], Reac- 
tivity [1], and Contact [1]. 


Portfire - A paper tube charged with a composition 
that is used for manually lighting fireworks devices. 
It is similar to a fusee but, generally, its flame is not 
as bright or colored. Portfires are safer to use when 
securely fastened to an extender such as a length of 
lath or dowel. 


Positive Phase - Any pressure excursion above atmos- 
pheric pressure; the initial strong rise in pressure of a 
blast wave. (See Blast Wave for its general appear- 
ance.) 


Potassium Chlorate - [KCIO3] - A chemical com- 
pound; a white powder; an oxidizer; has a monoclinic 
crystal structure. 


In fireworks: In the past potassium chlorate was the 
most common oxidizer used in producing colored 
flame and flash powders. At present, in the US, it is 
most commonly used as the oxidizer in colored 
smoke devices. 


Hazard ratings: Health [1], Flammability [0], Reac- 
tivity [3], and Contact [2]. 


Potassium Dichromate - [K,Cr,O,7] - A chemical 
compound; an orange powder; an oxidizer; has a 
monoclinic crystal structure. Useful as a catalyst to 
aid in the decomposition of potassium perchlorate. 
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Also useful as a surface treatment for the protection 
of magnesium. 


Hazard ratings: Health [4], Flammability [0], Reac- 
tivity [3], and Contact [3]. 


(Also see Chemical Pacifier.) 


Potassium Nitrate - [KNO3;] - A chemical compound; 
a white powder; an oxidizer; has a rhombic crystal 
structure. It occurs naturally as saltpeter. 


In fireworks: Potassium nitrate is commonly used as 
the oxidizer in rough black powder prime, glitter 
formulations, and spark producing formulations. 


In explosives: Potassium nitrate is the oxidizer used 
in the manufacture of Black Powder. 


Hazard ratings: Health [1], Flammability [0], Reac- 
tivity [3], and Contact [2]. 


Potassium Perchlorate - [KCIO,] - A chemical com- 
pound; a white powder; an oxidizer; has a rhombic 
crystal structure. 


In fireworks: Potassium perchlorate is the most com- 
monly used oxidizer in colored flame compositions 
and flash powders in the US. 


Hazard ratings: Health [1], Flammability [0], Reac- 
tivity [3], and Contact [2]. 


Potassium Sulfate - [K,SO,] - A chemical compound; 
a white powder; has a rhombic or hexagonal crystal 
structure. It occurs as the mineral aranite. 


In fireworks: Potassium sulfate is used as a high tem- 
perature oxidizer in some white strobe compositions. 


Hazard ratings: Health [1], Flammability [0], Reac- 
tivity [0], and Contact [0]. 


Potential Difference - See Voltage. 


Potential Energy - Stored energy of a body or system. 
The chemical energy stored in a pyrotechnic mixture 
or the mechanical energy stored in an elevated weight 
are examples of potential energy. (Also see Kinetic 
Energy.) 


Pound (Force) - (Also Ibf) - In the English system, a 
pound can either be a unit of force or a unit of mass. 
Thus there are actually two English systems. In the 
system where a pound is a unit of force, the unit of 
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mass is a “slug”. Under the influence of Earth’s grav- 
ity, a mass of 0.031 slug produces a force of | pound. 
A 1 pound force is equal to 4.45 newtons and is equal 
to the gravitational force produced by 0.45 kilogram. 
Note: in this dictionary the unit “pound” corresponds 
to a force unless otherwise indicated. 


Pound (Mass) - ( Also Ib) - In the English system, a 
pound can either be a unit of force or a unit of mass. 
Thus there are actually two English systems. In the 
system where a pound is a unit of mass, the unit of 
force is a “poundal”. Under the influence of Earth’s 


gravity, a 1 pound mass produces a force of 32 poun- 
dals. 


Pounds (Force) Per Square Inch - (Also psi) - An 
English unit of pressure; equal to 6.89 kPa; equal to 
0.068 atmosphere. 


Prandtl Tube - A pitot tube with an additional hole in 
its side. The side hole samples the slipstream passing 
by the tube and so measures static pressure. By appli- 
cation of Bernoulli’s law, the difference in kinetic 
and static pressure may be used to compute the veloc- 
ity of the fluid. Airplanes use this technique to meas- 
ure air speed. Because air is compressible, however, 
Bernoulli’s law will not yield correct results for high 
speed flight. 


Prefixes, SI - See SI Prefixes. 


Preload (Fireworks) - The act of loading aerial display 
shells into mortars before the beginning of a display. 


Preload (Pyrotechnic Special Effects) - A completed 
item supplied by a manufacturer that is ready for use 
in a performance. 


Premature Ignition - Describes the situation where a 
device functions before its intended time. 


In fireworks: A premature ignition may be an aerial 
display shell or other device that fires unintention- 
ally. This is usually caused by burning debris within 
the mortar, on the ground in the area of the shell 
leader, or falling into an open mortar still containing 
a shell. 
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Quick Match 


a Shell Leader 


: Burning Debris - 


Shell Lift Charge’ 
Burning Debris = 


In electrically fired displays premature ignitions can 
also be the result of wiring errors, or they can be 
caused by lightening strikes. 


Press - A piece of equipment used to compact a pyro- 
technic composition, usually inside a tube. The press 
may produce its compressive force mechanically or 
hydraulically. For reasons of safety and consistency of 
performance, the use of a press is generally preferred 
to ramming pyrotechnic composition with a mallet. 


Pressure Exponent - The exponent placed on the 
pressure term in Vieille’s law. The pressure exponent 
is a property of the propellant and is not particularly 
sensitive to temperature. 


Pressure Thrust - The thrust predicted by simply mul- 
tiplying the chamber pressure by the nozzle throat 
area. If a nozzle was simply a hole in a flat plate, this 
would approximate the thrust produced. 


Pressurized Liquid Model Rocket Motor - A type of 
model rocket motor using a liquid, under gas pres- 
sure, as its working fluid. Most often the liquid is wa- 
ter and the gas is air. 


Primacord™ - See Detonating Cord. 


Primary Colors - Generally high purity red, green and 
blue. 


When two color sources are combined in varying 
proportions, any color can be made that lies on the 
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line connecting their color points on a chromaticity 
diagram. When three color sources are combined in 
varying proportions, any color can be made, which 
lies inside the triangle on a chromaticity diagram 
made by the three lines connecting the three color 
points. When the three color points are widely sepa- 
rated on the chromaticity diagram, a large number of 
different colors are possible. If the three color sources 
are fairly pure red, green and blue, as is the case for a 
color television, essentially all other colors can be 
made. For this reason these three color sources are 
referred to as the primary colors. In the following 
figure, color points K, L, and O, in various combina- 
tions, can be used to make all of the colors inside the 
triangle KLO, but none of the colors outside that tri- 
angle. 


505 


495 


(Also see Chromaticity Diagram, and Color Mixing 
Laws.) 


Primary Explosive - A type of high explosive that is 
relatively sensitive to initiation from flame, friction, 
impact, etc. Primary explosives are used in detonators 
to cause the detonation of less sensitive high explo- 
sives, called secondary explosives. 


Prime, Pyrotechnic - See Pyrotechnic Prime. 
Primer (Explosives) - See Booster (Explosive). 


Primer (Firearms) - A relatively small device used to 
initiate the functioning of a pyrotechnic or explosive 
train. A primer is relatively sensitive and can be initi- 
ated that by impact (percussion), friction, heat, or 
electricity. Typically primers are classified by the 
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type of initiating stimulus they use, e.g., percussion 
primer and friction primer. A common example a of 
primer is the percussion primer used in small arms 
ammunition. 


Priming - Any process performed to help insure igni- 
tion or initiation. 


In fireworks: Examples of priming are the application 
of a prime to the end of a fuse, cross matching, coat- 
ing prime onto stars, and loading prime into gerbs. 


; Prime Layer 
Primed 
Star Cut Star 
Clay 
First Fire (Prime) 
Primed 
Gerb 


Gerb Composition 
Casing 


In explosives: An example of priming is the use of a 
booster to cause the initiation of ANFO. 


Probe Firing Panel - (Also Nail Board) - A probe 
firing panel does not have switches in the conven- 
tional sense; rather there are a series of electric termi- 
nals and a probe on a wire. The act of touching the 
probe to one of the terminals completes an electric 
circuit, potentially firing a device. This corresponds 
to the closing of a switch. 


Process Building - Any building in which pyrotechnic 
or explosive materials are prepared or worked with, 
including mixing and finishing operations. 


Products, Chemical - See Chemical Products. 


Progressive Burning - (Also Progressive Grain) - 
Burning in which the mass rate of consumption in- 
creases. 


For solid rocket propellant: Progressive burning oc- 
curs when the thrust produced increases over the 


burning period. A simple configuration which has 
progressive burning is a case-bonded grain with a cy- 
lindrical core. As burning proceeds, the diameter of 
the core increases, causing the burning surface area to 
increase, resulting in increased gas production and 
thrust. 
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For smokeless propellants: Progressive burning oc- 
curs when the configuration of propellant grains is 
such that the rate of gas production increases over the 
burning period. One configuration which has pro- 
gressive burning is a cylinder with multiple perfora- 
tions (holes) through it. In this case, as burning oc- 
curs in the perforations, there is an increase in burn- 
ing surface area. This results in an increase in the rate 
of gas production. 


(Contrast with Neutral Burning and Regressive Burn- 
ing.) 


Progressive Grain - See Progressive Burning. 


Projectile Impact Test - A test used to determine the 


sensitivity of an explosive to impact by a projectile 
such as a bullet. The projectile speed is varied and the 
test results are reported as the speed at which 50% of 
the samples are initiated. Unlike a drop weight im- 
pact test, where very small samples are used, much 
larger samples are used in the projectile impact test. 
As a result, an explosive can actually be initiated to 
detonation. 


Propagation - Within a mass of energetic material, the 


continuous action whereby one portion of material 
causes other portions to similarly react. The action 
and reaction can be one of burning or exploding. In 
either case, much of the energy produced 1s lost to the 
surroundings. However, propagation will occur if 
sufficient energy is supplied by one portion, to initi- 
ate other portions of the charge. 


For a single unit of pyrotechnic composition, propa- 
gation occurs if the burning of one the reacting mate- 
rial is sufficient to cause the ignition of the adjacent 
pre-reacting material. See the following illustration. 


Unreacted lane 

Composition Consumed 
(fearreae \ ay Material 
pa feast s) 


Reacting Material 
Pre-Reacting Material 


In this sense, for burning pyrotechnic materials, 
propagation can be thought of as “continuing self- 
ignition”. 
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For a collection of individual explosive charges, 
propagation is often said to have occurred if the ex- 
plosion of one charge causes the explosion of one or 
more nearby explosive charges. Note, however, some 
prefer to use the term “communication” to describe 
this case. (Also see Ignition, and Propagation Ine- 


quality.) 


Propagation Ignition Energy Diagram - (Also PIE 
Diagram) - An aid used to visualize the relationship 
between ignition stimulus, activation energy, and the 
heat of reaction for one or a series of connected pyro- 
technic compositions. Following is an example of a 
PIE Diagram for a color changing star using a prime 
between layers (Shimizu). 


If the ignition stimulus (I,) is greater than the activa- 
tion energy of the first composition (E,)) the star will 
ignite on surface a-a’. If the energy being fed back by 
the first composition (Em) is greater than its activa- 
tion energy (Ef), it continues to burn, with the burn- 
ing surface moving to the right. When the burning 
has proceeded to the interface with the prime, surface 
b-b’, if the energy fed back by the first comp (Em) is 
greater than the activation energy of prime (E,p)), it 
will be ignited by the first composition. If the energy 
fed back by the prime (Ep) is greater than the activa- 
tion energy of the second composition (E,9), it will be 
ignited by the prime. Note that in this case, had there 
not been a prime layer between the two compositions, 
the second composition would not have been ignited 
by the first. This is because the energy fed back by 
the first composition (Er) is less than the activation 
energy of the second (E,2). (Also see Ignition, Propa- 
gation, and Propagation Inequality.) 


Propagation Inequality - Pyrotechnic propagation 


occurs when sufficient energy is fed from reacting 
composition to non-reacting composition, to initiate 
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its reaction. The amount of energy necessary for igni- 
tion is a material’s activation energy (E,). The 
amount of energy being fed back to the non-reacting 
composition is the amount of energy being produced, 
the heat of reaction (AH,), multiplied by the fraction 
being fed back (F,,). Therefore, propagation will oc- 
cur so long as the following (propagation) inequality 
is satisfied. 


AH,* Fm > Ea. 


Whenever this inequality is not met, even for an in- 
stant, propagation ceases. 


Propagative Burning - That type of pyrotechnic burn- 


ing which proceeds primarily along grain surfaces as 
a result of fire racing along fire paths through the 
composition. Propagative burning almost always pro- 
ceeds rapidly or even explosively. It is typical of 
granulated pyrotechnic compositions in which the hot 
combustion gases readily penetrate to quickly ignite 
more material. (Contrast with Parallel Burning.) 
(Also see Fire Path.) 


[ Hot Combustion Gases 


Wa * Open Ended Tube 
Pyrotechnic Composition 


1,2,3-Propanetriol - See Glycerol. 


Propellant Composition - The pyrotechnic composi- 


tion which, upon burning, produces the thrust for 
propulsion of model and high power rockets. This is 
accomplished by producing and expelling combus- 
tion gases, usually through a nozzle, although nozzle- 
less configurations are possible. Propellant composi- 
tion is usually pressed or cast to form the propellant 
grain(s). 


Propellant Grain - The formed propellant composi- 


tion used in a solid rocket motor which is burned to 
produce the working fluid, the discharge of which 
provides the thrust. A rocket motor may have one or 
more grains, depending on the desired geometry and 
thrust profile. Note: hybrid rocket motors may have 
propellant grains without oxidizer incorporated. 
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1,2-Propylene Glycol - (Also Edible Glycol, 1,2- 
Propanediol) - A chemical compound; a colorless, 
odorless, viscous, and tasteless liquid. 


In Special Effects: Propylene glycol is commonly the 
primary ingredient in fog liquid. 


Proton - An elementary particle found in the nuclei of 
atoms. A proton has one unit of positive charge and a 
mass approximately the same as a neutron, which is 
approximately 2000 times the mass of an electron. 


Proximate Audience - An audience that is closer to 
pyrotechnic devices than allowed by NFPA 1123, 
Code for the Outdoor Display of Fireworks. An ex- 
ample of a proximate audience might be those per- 
sons attending a rock concert in which pyrotechnic 
special effects are incorporated. In that event, one 
would follow NFPA-1126, Standard for the Use of 
Pyrotechnics before a Proximate Audience. 


psi - Symbol for pounds (force) per square inch. 
PTFE - Abbreviation for polytetrafloroethylene. 
Puff Pot - See Flash Pot. 


Pulverone - (Also Polverone) - Granulated rough 
powder used as an aerial shell break charge. 


Puppadella - (Also Pupatella and Poob-a-dell) - (From 
Italian, Puppa, meaning baby.) - Small inserts or sec- 
ondary shells in a shell of shells, generally dispersed 
in a ring and all timed to burst at the same time. 


Purity (Color) - See Color Purity. 
Pusher - See Driver, preferred terminology. 
PVC - Abbreviation for polyvinyl chloride. 


Pyro-Adhesive - A mixture of sodium silicate, calctum 
carbonate, and zinc oxide. Pyro-adhesive is not 
commonly used today. It has the desirable qualities of 
being inexpensive and rapidly setting. It has the un- 
desirable quality of degrading somewhat with time. 


Pyrocellulose - See Gun Cotton. 


Pyrodex™ - A commercially produced product for use 
as a replacement for Black Powder in antique weap- 
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ons. Pyrodex™ is not a suitable substitute for Black 
Powder in most fireworks applications. 


Pyrogen - A mixture of fuel and oxidizer for the pur- 
pose of generating heat. 


In fireworks: In the production of a colored physical 
smoke, the pyrogen is typically a mixture of lactose 
and potassium chlorate. 


In rocketry: A pyrogen may be a small rocket motor 
used to produce hot gases, etc., which ignite a larger 
rocket motor. 


Pyrolauncher™ - A filament wound mortar with inte- 
gral plug, designed for launching aerial display shells. 


Pyrophoric - The property of some materials that 
spontaneously ignite upon exposure to air. However, 
it may also be used to describe materials that are co- 
pious producers of sparks by physical abrasion; for 
example, certain alloys of cerium used in lighter 
“flints”’. 


Pyrotechnic Composition - (Also Composition, Comp, 
and Pyrotechnic Material) - A mixture of chemical 
elements or compounds that is capable of a self- 
contained and self-sustained exothermic reaction, for 
the production of heat, light, gas, smoke, or sound. It 
is any of the reactive materials used to make fire- 
works, pyrotechnic special effects, rocket propellants, 
and many military devices. 


Pyrotechnic Composition Types - See Delay Compo- 
sition, Ejection Charge, Propellant Composition, Py- 
rotechnic Composition, and Roman Candle Delay 
Composition. 


Pyrotechnic Formula - A recipe for a pyrotechnic 
composition, usually given in terms of percentages 
by weight of various ingredients. (Also see Chemical 
Formulation.) 


Pyrotechnic Material - See Pyrotechnic Composition. 


Pyrotechnic Operator - (Also Special Effects Opera- 
tor) - The person with responsibility for pyrotechnic 
safety and who controls, initiates, or otherwise cre- 
ates pyrotechnic special effects. The operator is also 
responsible for storing, setting up, and then removing 
pyrotechnic materials or devices after a performance. 
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Pyrotechnic Prime - Material used to help ensure the NOTES 
ignition of a pyrotechnic material or device. 


In fireworks: Pyrotechnic prime is often a slurry of 
Black Powder, a binder and water (or other solvent). 
(Also see First Fire.) 


Pyrotechnic Reactivity - A loosely defined term that 
combines the concepts of sensitivity (ease of ignition) 
and reaction rate. A pyrotechnic material, which is 
either highly sensitive to accidental ignition or has an 
explosive reaction rate in relatively small amounts, 
may be said to have high reactivity. A pyrotechnic 
material that is both highly sensitive and has an ex- 
plosive reaction rate, is likely to be described as be- 
ing very highly reactive. 


Pyrotechnic Special Effect - See Special Effect, Pyro- 
technic. 


Pyrotechnic Train - A series of different pyrotechnic 
compositions, in contact one with another, typically 
running from the smallest and most easily ignited, to 
the largest and least easily ignited. A train of pyro- 
technic compositions is generally used to cause the 
reliable ignition of difficult to ignite pyrotechnic ma- 
terials. The application of a pyrotechnic prime is an 
example of a (short) pyrotechnic train. (Contrast with 
Explosive Train.) 


Pyrotechnics - From the Greek, meaning the art or 
craft of fire; often taken to be associated with fire- 
works. More technically correct, pyrotechnics is the 
science of materials capable of undergoing self- 
contained and self-sustained exothermic chemical re- 
actions. Typically these materials are solids and are 
used for the production of heat, light, gas, smoke, 
and/or sound. 


Pyrotechnics Guild International - (Also PGI and 
PGI) - An association of fireworks enthusiasts, both 
amateur and professional. 


Pyroxylin - See Nitrocellulose. 


Illustrated Dictionary of Pyrotechnics Page 99 


NOTES 
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Quantity/Distance - For various quantities of pyro- 
technic and explosive materials there are distances that 
provide appropriate levels of protection from an acci- 
dent. When this can be expressed mathematically, it 
is commonly referred to as a “Quantity/Distance 
Formula”. When a tabular listing is used, it is com- 
monly referred to as a “Quantity/ Distance Table”. 


Quantum Mechanics - (Also Quantum Theory) - A 
discipline of physics that presents and explains our 
current understanding of atomic and nuclear physics. 


Quick Match - (Also Piped Match) - Black match 
enclosed in a loose wrapping, called the match pipe 
or casing, which usually is made of paper. Quick 
match burns very rapidly, 10 to 30 feet per second (3 
to 10 m/s). Short lengths of quick match may appear 
to burn instantaneously. 


Black Match 


Outer Paper Wrap as 


Inner Water-resistant Paper 
Air Gap (Fire Path) 


The burning of quick match is an example of propa- 
gative burning. Quick match is used to communicate 
fire quickly over a distance. 


The Support of: 


Tri-Ess Sciences, Inc. 
Spectrasmoke - Non-Toxic Smoke in Colors 


Eldon Hershberger 
Fireworks Videos, All WWB & PGI From '88 


is gratefully acknowledged. 
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Racks - See Mortar Racks. 


Radical - See Chemical Group (Ionic). (Also see Free 
Radical.) 


Rails - (Also Slats or Terminal Boards) - An apparatus 
used in electrically fired displays, which provides 
numerous electrical connection points for electric 
matches. Rails are often wooden or plastic devices, 
perhaps with a 2-inch (50 mm) square cross section 
and many feet long. They are generally placed along- 
side a collection of fireworks mortars, where electric 
match leg wires, from aerial display shells loaded in 
the mortars, are attached in preparation for firing. 


Rammed Fuse - See Spolette, preferred terminology. 


Rammer - A rod used to compact powder into a tube. 
It must be slightly thinner than the inside diameter of 
a tube into which powder is loaded. The rammer is 
used to compress the powder, using mallet blows or a 
press (mechanical or hydraulic). (Also see Drift.) 


Range Safety Officer (Rocketry) - See Safety Moni- 
tor. 


RAP™ Shells - A type of cylindrical plastic shell cas- 
ings. RAP™ is an acronym for Rapid Assembly Plas- 
tic. 


Rate Stick - Typically a cylinder of explosive or pyro- 
technic material, into which sensors have been im- 
planted that allow the measurement of the velocity of 
propagation. 


Rattan - Any of a variety of Asian climbing palms. It 
can be wetted and bent into a shape, which it holds 
after drying. 


In fireworks: Rattan is commonly used in making the 
set piece patterns upon which lance tubes are 
mounted. 


RDX - (Also Hexogen and Cyclonite) - [C3HgN«Oc] - 
A chemical compound; a powdered explosive which 
was first prepared by Henning in 1899. 
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In explosives: RDX is often combined with a plasti- 
cizer to make the common plastic explosive, C-4, 
which is commonly used in military demolitions. 


In rocketry: RDX is used as a high energy component 
in some military rocket propellants. 


Reactants - See Chemical Reactants. 


Reactivity (Pyrotechnic) - A loosely defined term that 
combines the concepts of sensitivity (ease of ignition) 
and reaction rate. A pyrotechnic material that is 
highly sensitive or has an explosive reaction rate is 
likely to be described as being highly reactive. (Also 
see Chemical Reactivity and Pyrotechnic Reactivity.) 


Ready Box - A sturdy, fire-resistant container used to 
store aerial display shells or other fireworks during a 
fireworks show at the display site. It is generally ac- 
cepted that a ready box should have a self-closing lid, 
be placed at least 25 feet (8 m) upwind from the mor- 
tars at a display site, and be oriented so that its open- 
ing is away from the mortars. The following is a dia- 
gram of one type of ready box. 


Lid attached by hinges 


Cord to prevent lid 
opening more than 
halfway (will be 
self-closing) 


Wood or metal box 


Ready Box Tender - (Also Magazine Tender) - The 
member of a fireworks display crew, who is posi- 
tioned at a ready box. This person’s job is to hand 
shells to the loaders and to protect the fireworks in 
the ready box from sparks and burning debris, during 
a manually fired display. 


Realgar - See Arsenic Disulfide. 


Recovery Device - A device, usually a parachute, used 
to slow the fall of a model or high power rocket, after 
completion of its powered flight. The recovery device 
is deployed after a suitable period of coasting. The 
coasting period allows the rocket to slow down, 
which prevents the destruction of the rocket or recov- 
ery device upon deploying. It is common for the 
rocket to gain significant additional altitude during 
the coasting period. A slow burning delay composi- 
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tion provides for the period of coasting before the re- 
covery device is deployed by the ejection composi- 
tion. 


Red Explosive - A very sensitive pyrotechnic mixture 
made using potassium chlorate and arsenic disulfide. 
Red explosive is only slightly less sensitive and is 
about as dangerous as Armstrong’s mixture. Red ex- 
plosive must be mixed wet to reduce the likelihood of 
ignition. It is occasionally used in the Orient to make 
crackling cores for stars. 


Red Gum - (Also Acaroid and Accroides Gum or 
Resin) - A reddish brown, natural vegetable gum, 
which is not water soluble. It is produced in Australia 


In fireworks: Red gum is a commonly used fuel and 
non-aqueous binder. 


Hazard ratings: Health [1], Flammability [2], Reac- 
tivity [0], and Contact [1]. 


Red Iron Oxide - See Iron(IID) Oxide. 
Red Lead - See Lead Oxide, Red. 


Reddish Gamboge - A finely divided trail of gold 
charcoal sparks. It is produced by the burning of a 
heavy prime layer on the stars in a chrysanthemum 
aerial shell. 


Redox Reaction - (Also Oxidation/Reduction Reac- 
tion) - Because of fundamental conservation laws, 
oxidation is always coupled with reduction, i.e., one 
substance cannot be oxidized without another sub- 
stance simultaneously being reduced. For example, 
consider the thermite reaction: 


2 Al + Fe,0; nerd ALO; + 2 Fe. 


In this example, aluminum atoms are being converted 
from a zero charge state as the metal to a +3 charge 
as an oxide through the loss of three electrons, 1.e., 
the aluminum atoms are being oxidized. At the same 
time iron atoms are being converted from the +3 state 
as the oxide to the zero charge state as the metal by 
gaining electrons, i.e., the iron atoms are being re- 
duced. To acknowledge that both processes are tak- 
ing place, these reactions are often called oxida- 
tion/reduction reactions, or more simply, redox reac- 
tions. (Also see Oxidation and Reduction.) 
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Reduction - Reduction is the opposite of oxidation. 
Originally, reduction was only considered to be the 
process of driving off oxygen, such as in the smelting 
of iron ore to produce iron metal: 


2 Fe.03; + 3C + Heat — 4Fe + 3 COs. 


However, the definition of reduction has been ex- 
panded to cover any chemical reaction in which atoms 
gain electrons. In the above reaction, iron in the oxide 
begins with a charge of +3 and ends with a zero 
charge as the metal, i.e., iron has gained three elec- 
trons and has been reduced. The reaction of zinc and 
sulfur provides an example of reduction when no 
oxygen is present: 


Zn + S > ZnS. 


Here sulfur has zero charge as the element but ends 
with a —2 charge in zinc sulfide, i.e., each sulfur atom 
has gained two electrons and, thereby, has been re- 
duced. 


Redundant Fusing - A method that can be effective in 
reducing the number of dud aerial display shells. 
With redundant fusing more than one time fuse is used 
on a device. This reduces the probability of a dud, 
because that would require the simultaneous failure 
of more than one time fuse. 


Regressive Burning (Propellants) - (Also Degressive 
Burning and Regressive Grain) 


For solid rocket propellants: Regressive burning oc- 
curs when the thrust produced decreases over the pe- 


riod of burning. A grain of essentially any shape that 
is solid such that burning only occurs over the outer 
surface results in regressive burning. This is due to a 
reduction in the burning surface area as burning con- 
tinues, which means that the rate of gas production 
and thrust also decreases. 


For smokeless propellants: Regressive burning occurs 
when the configuration of propellant grains is such that 
the rate of gas production decreases over the period of 
burning. 


(Contrast with Neutral Burning and Progressive Burn- 
ing.) 


Regressive Grain - See Regressive Burning. 


Reloadable Rocket Motor - A model or high power 
rocket motor that is capable of being reused, by re- 
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loading the motor casing (pressure vessel) with a new 
propellant grain, delay charge and ejection charge. 
Nozzles and O-rings may also need to be replaced. 


Reloading (Fireworks) - The act of loading aerial 
display shells into mortars that have previously been 
fired during a display. 


Reloading (Rocketry) - The act of cleaning a rocket 
motor casing, inserting a new propellant grain (or 
grains), installing a new delay charge, reassembling a 
reloadable rocket motor, and adding the ejection 
charge. Usually, the nozzle and seals are also replaced. 


Report (Device) - A component of an aerial display 
shell or mine. A report contains salute powder, a pow- 
erful pyrotechnic composition (usually flash powder) 
which explodes violently, producing a loud noise with 
the visual effect of a bright flash and smoke. A report 
may contain granular titanium to produce a cloud of 
white sparks upon exploding. A report is usually a 
larger version of a shot. (Contrast with Salute Shell.) 
(Also see Cannonade Shell; Rondel; and Shots, Fusil- 
lading.) 


Report (Sound) - A loud explosion, normally much 
louder than the explosion of a star shell bursting. 


Resistance (Electrical) - The property of a material 
that acts to impede the flow of electric current. For a 
given type of wire, resistance is inversely propor- 
tional to the wire’s cross-sectional area, i.e., thin 
wires have high resistance and thick wires have low 
resistance. This is roughly analogous to water pipes, 
which, if small (or large) diameter, they have high (or 
low) resistance to the flow of water. The unit of resis- 
tance is the ohm. Similarly, a wire’s resistance is 
proportional to its length. 


An electric circuit with a resistance of one ohm and 
with a potential of one volt applied to it, has a current 
flow of one ampere. (See Electrical Wire for copper 
wire resistance values.) (Also see Current, Voltage, 
and Ohm’s Law.) 


Reynolds Number - A number that indicates whether 
flow is laminar (smooth) or turbulent. If the Reynolds 
number is less than 2000 then flow will be laminar. 
If, on the other hand the Reynolds number is greater 
than 3000 the flow will be turbulent. Turbulent flow 
generally robs energy from a moving rocket so it 
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should be avoided. The Reynolds number is calcu- 
lated using the following formula: 


pvD 


| 


Nr=_ Reynolds number; 

p = density of the fluid; 

v = velocity of fluid relative to object; 

D = critical dimension, for rockets, this is 
length; and 

N = viscosity of the fluid. 


Rice Hull Powder - Rough powder or other pyrotech- 


nic composition coated on rice hulls (or other inert 
material). Rice hull powder is most commonly used 
as an aerial shell break charge for spherical shells. 
(Also see Break Charge.) 


Ring Shell - A pattern shell that produces a ring of 


stars in the air. Some ring shells produce more than 
one concentric ring. Ring shell bursts may appear as 
a line, ellipse, or circle, depending on the angle from 
which it is viewed. 


Rising Effect - (Also Trajectory Garnishment) - Any 


pyrotechnic effect (garnishment) attached to an aerial 
display shell (or fireworks rocket) that produces an 
audible or visual effect during its flight. Rising ef- 
fects are most commonly stars, comets, small shells, 
and whistles. Rising effects are generally ignited by 
the burning lift gases and complete their performance 
before the shell (or rocket heading) bursts. 


Rocket - A device propelled by the reactive force by 


expulsion of a working fluid. A rocket can be classi- 
fied by its use. See Fireworks Rocket, High Power 
Rocket, and Model Rocket. 


Rocket Casing - A tube into which rocket propellant is 


loaded. The rocket casing along with a suitable noz- 
zle and end closure forms a rocket motor. 


Rocket Engine - A reaction engine which functions by 


expelling matter from a chamber in a more or less 
single direction. It is most efficient when that matter 
is in the form of a high temperature, low molecular 
weight gas, and the chamber is at a relatively high 
pressure. The shape and size of the nozzle used has a 
major effect on its operating pressure and efficiency. 
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The oxidizer and fuel in a rocket engine is principally 
liquid. (Also see Liquid Propellant Rocket Engine.) 


||<—— Ignition Fuse 


oe Compressed 
Rocket Motor - Although one of the definitions of Delay 
rocket motor is rocket engine, the current trend in in- Composition 


dustrial usage is to use the term motor when referring 
to devices using solid and hybrid propellants, and to LA eS Fireworks Stars 
use the term engine when referring to those using liq- 
uid propellants, especially when using pumps, etc. 
Rocket motors can also be classified by their propel- 
lant type. (See Black Powder Rocket Motor, Com- 
posite Rocket Motor, Hybrid Rocket Motor, End 


Black Powder 
Propellant 
Charge 


<— Paper Casing 


Buming Rocket Motor, Expendable Rocket Motor, (Tube) 
Loadable Rocket Motor, and Reloadable Rocket Mo- 
tor.) Clay Plug 


The candle delay composition burns slowly thus pro- 
viding a time interval between firings. Large roman 
candles are often called exhibition candles. 


Rocket Motor Casing - The pressure vessel of a 
rocket motor. Rocket thrust is produced as a conse- 
quence of exiting high pressure gas. As such, solid 
fuel rockets (fireworks, model, and high power rock- 
ets) all must have a pressure vessel. Generally, fire- 
works and model rocket motors have casings made of 
strong paper tubes. The casings for high power rocket 
motors are usually made of strong phenolic or epoxy 
fiberglass tubes. Recently, reloadable model and high 
power rocket motors have become available, using 
strong aluminum tubes for their casings. 


Roman Candle Delay Composition - (Also Candle 
Composition) - A slow burning pyrotechnic composi- 
tion which provides the delay between the repeated 
firings of roman candles. It is usually a charcoal rich, 
rough Black Powder. The delay in some consumer 
fireworks roman candles is sometimes provided by a 
fuse running internally the length of the device. An- 
other recent innovation for providing more accurate 
delays in display fireworks Roman candles, is the use 
of pressed pellets of pyrotechnic composition in- 
serted in thick felt disks positioned between the stars 


Roman Candle - (Also Candle and Exhibition Candle) (or other devices). 
- A cardboard tube loaded in such a way as to peri- 
odically and repeatedly propel stars or other pyro- 
technic effects into the air. Examples of other pyro- 
technic devices are whistles, hummers, shots, bom- 
bettes, and serpents. 


Rocket Spindle - (Also Spindle) - The form used to 
shape the open core of a core burning rocket motor. 


Roman Fuse - See Spolette, preferred terminology. 


Rondel - An aerial display shell that contains a series 
of shots (usually 7, 9, or 11) dispersed in a circular 
pattern and timed to explode one after another in se- 


A roman candle consists of a repeating series of ele- quence around the circle. (Contrast with Siatene.) 
ments: candle delay composition, stars (or other ef- 
fects), and propelling charge. Rough Black Powder - (Also Rough Powder, Pul- 


verone, Green Powder, and Handmade Black Pow- 
der) - A hand-mixed version of Black Powder. It 
lacks the rapid burning characteristics of commer- 
cially manufactured Black Powder. 


Rubbing Alcohol - See Isopropanol. 
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NOTES 
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s - Symbol for second. 
S - Chemical symbol for the element sulfur. 
S Curve - See Sigmoid Curve. 


SAAMI - Abbreviation for Sporting Arms and Ammu- 
nition Manufacturers’ Institute. 


Safe - Something is safe when its risks are sufficiently 
low to be acceptable. 


Safety Cap - A tube of heavy paper that is closed at 
one end and fits over the bared black match at the end 
of a quick match shell leader. The safety cap serves 
to protect the black match from accidental ignition 
and damage. It is removed by the shooter just before 
ignition. 


Safety Fuse - (Also Blasting Safety Fuse) - A heavy 
fuse used in commercial blasting. It is regulated 
much like blasting caps. In addition to a fairly heavy 
intermediate asphalt layer, blasting safety fuse always 
has a plastic or heavy wax covering for moisture pro- 
tection. It typically has a smaller powder core than 
fireworks time fuse. Sometimes visco fuse is referred 
to as safety fuse; however, that can cause confusion 
and is not the preferred terminology. (Also see 
Bickford Fuse.) 


Wax Coating 
Powder Core Thread 
Fiber Wrap 

Asphalt Layer 
Plastic Tube 


ues) 
RS 
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Powder Core 
Outer Thread Wrap 


Safety Monitor (Rocketry) - (Also Range Safety Offi- 
cer) - A particularly knowledgeable and experienced 
person present at a launch or competition. This indi- 
vidual is assigned the responsibility of confirming 
that a rocket is in compliance with requirements and 
that it will perform safely. 
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Safety Rating for Chemicals - See Hazard Rating for 
Chemicals. 


Saittine - See Siatene. 


Salt - Any ionically bound crystalline solid. Table salt 
(sodium chloride) is only one example of the general 
category of salts. For example, potassium perchlo- 
rate, barium nitrate, strontium sulfate, antimony tri- 
sulfide, and zinc oxide are also salts. 


Salute Casing - A strong shell casing, usually cylin- 
drical and made of paper. It acts to strongly confine a 
charge of salute powder, usually flash powder. The 
strong confinement acts to increase the blast pressure 
(sound level) of salutes when they explode. 


Salute Powder - A pyrotechnic composition that pro- 
duces a loud report when ignited and constitutes the 
sole pyrotechnic mixture in a salute, shot, or report. 
Flash Powder is the most commonly used salute 
powder. 


Salute Shell - (Also Straight Fire Salute) - An aerial 
display shell containing salute powder that produces 
a loud noise (report) with very little visual effect 
other than a bright flash and smoke. Titanium salutes 
are similar except that the loud noise is accompanied 
by a cloud of white sparks produced by burning tita- 
nium. (Contrast with Report (Device) and Shot.) 


<— Salute Casing 


Salute Powder 


Cross Matched 
———— Time Fuse 


Sand Box - See Mortar Trough, preferred terminology. 


Sand Test - A comparative test for explosives. A small 
explosive charge, often a detonator, is placed in sand 
of only one grain size, typically 30 mesh “Ottawa” 
sand. After the charge is exploded, the sand is sieved 
to determine the amount of sand that has been re- 
duced in size. 


Saran™ Resin - See Polyvinylidene Chloride. 
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Saxon - A spinning device consisting of a tube that 
rotates about a pivot point to produce a circular 
shower of sparks, much like a wheel. 


Gerb-like 
Tube (Driver) ; 


Axle 


Sprays of 
Sparks ———_> 


Saxons are typically mounted on posts or ground set 
pieces. 


Sb - Chemical symbol for the element antimony. 


Screen Barricade (Process Building) - A barrier that 
acts to prevent embers and debris, from a fire or de- 
flagration in a process building, from causing the in- 
volvement of other buildings. The barricade may be 
made of metal roofing, screen (4 to % inch mesh), or 
equivalent. The barricade should be such that it ex- 
tends from ground level to a height at least 5 feet (1.5 
m) above a straight line drawn between the top of the 
side walls of the buildings. The top 5 feet (1.5 m) of 
the barricade should be angled towards the donor 
building at 30° to 45°. 


Secondary Explosives - A high explosive that requires 
a relatively powerful shock for its initiation, such as 
might be provided by a detonator. 


Secured Area - The area from which the public must 
be totally excluded during a fireworks display. Gen- 
erally, the minimum size of the secured area has a ra- 
dius of 70 feet per inch (0.85 m/mm) for the largest 
shell in the display. (Also see Display Site.) 


Self-Consuming Fuse - See Externally Burning Fuse. 


Senko Hanabi - A delicate pyrotechnic spark effect 
produced by a reaction between carbon and molten 
potassium sulfide. This effect can be produced using 
a somewhat sulfur-rich black powder composition, 
either coated on a wooden splint or contained in a 
small piece of tissue paper. When burned, a dross 
droplet forms, which continues to react with the 
splint or paper, and with the air to produce attractive 
branching sparks. Senko Hanabi is commonly pro- 
duced in Japan. (Also see Spur Fire.) 
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Sensitivity - An indication of the ease of ignition (for 
pyrotechnics) or initiation (for explosives). Highly 
sensitive materials are easy, sometimes too easy, to 
ignite or initiate. Sensitivities are generally determined 
for each of a variety of energy types, i.e., impact, 
friction, thermal, and electrostatic. A material’s sensi- 
tivity is a function of its activation energy require- 
ment for ignition. However, since the characteristics 
of the material determine the efficiency with which 
different forms of energy are delivered to the mate- 
rial, it is not possible to accurately forecast one type 
of sensitivity based on measurement of other types. 


Sensitizer - An ingredient in explosives which facili- 
tates initiation and propagation of the reaction. 


Separation Distance - This is the actual or minimum 
required distance between fireworks or fireworks mor- 
tars and the nearest spectator. For example the mini- 
mum separation distance recommended by the Na- 
tional Fire Protection Association for lance work is 
75 feet (23 m); that for a vertical 6-inch (155 mm) 
mortar is 420 feet (129 m). 


Series Circuit - A type of electrical circuit in which the 
current from a power source flows in turn from one de- 
vice to another, until it flows back to the power source. 


Power 
Source 


The total resistance (R,) in a series circuit equals the 
sum of resistance of each of the devices: 


R, = R; + Ro + R3 +... + Ry. 


When the resistance of each device is the same (R), 
this equation simplifies to: 


R, = nR, 
where n is the number of devices in series. 


To successfully fire a number of electric matches con- 
nected in series, there must sufficient potential (volt- 
age) to force an adequate firing current through the 
relatively high resistance of the circuit. (Contrast with 
Parallel Circuit.) 


Series-Parallel Circuit - A type of electrical circuit that 


contains a combination of both series and parallel 
elements. 
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Serpent - (Also Fish) - An aerial shell special effect 
component, essentially an end burn rocket, with a 
spark producing propellant, and with no stick or fins 
for flight stabilization. When the aerial shell bursts, the 
serpents are dispersed by the explosion and then fly 
about in a random fashion leaving a trail of sparks. 


Set Piece - (Also Ground Piece) - A ground display such 
as lancework, wheels, gerbs, fountains and/or other 
devices which function while on poles, frames or 
other structures attached to the ground. 


Setback - The inertial response to the extreme accel- 
eration of aerial display shells upon firing. It is possi- 
ble that the relative motion of internal pyrotechnic 
materials can, on occasion, cause the ignition of those 
materials, resulting in the premature explosion of ae- 
rial shells. 


Shaped Charge - An explosive with a cavity, either 
conical (often referred to as point-focal) or linear, used 
to focus the energy of a detonation. This energy can 
be used for penetrating or cutting materials or breach- 
ing structures. The cavity is often metal-lined to im- 
prove the effect. (Also see Munroe-Neuman Effect.) 


Shell, Aerial - See Aerial Display Shell. 


Shell Burst Height - The height, above the point of 
firing, of an aerial display shell at the time it bursts. 
The following is a listing of approximate burst 
heights for typical spherical aerial shells. 


Shell Size Burst Height 
AW) Mom) —_—_ Bech. = Diciems: 
3 76 400 120 
4 102 500 150 
5 127 600 180 
6 152 700 210 
8 203 900 270 
10 254 1050 320 
12 305 1150 350 


As can be seen, the rule-of-thumb that aerial shells 
burst at a height of 100 ft/shell inch diameter (1.3 
m/mm) underestimates burst heights for smaller 
spherical shells. 


Finale shells and salutes frequently burst at lower 
burst heights than given above. 
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Shell Casing - The container, generally either cylindri- 
cal or spherical, which initially acts to protect the 
contents of an aerial display shell from the high tem- 
perature gases produced by the burning lift charge. 
Later, when the break charge is ignited by the shell’s 
time fuse, the casing acts to temporarily confine the 
burning gases. Ultimately, the casing ruptures and the 
contents of the aerial shell are dispersed into the air 
producing the visual display. Shell casings are typi- 
cally composed of pasted paper (often with string) or 
plastic. (Also see Salute Casing.) 


Shell-Detonation - An aerial display shell malfunc- 
tion. It is a very powerful explosion of a shell inside a 
mortar. Usually the entire pyrotechnic contents of a 
device are consumed instantaneously. Little or no 
visible burning material leaves the mortar because the 
pyrotechnic compositions are consumed in the explo- 
sion. A shell-detonation usually damages or destroys 
the mortar and may re-position adjacent mortars. 
Several causes are speculated, including the use of 
unsafe compositions in stars and poorly designed or 
constructed shells. However, this speculation has not 
been confirmed scientifically. Shell-detonations can 
also occur in mines, certain comets and other types of 
fireworks. (Note that shell-detonations probably do 
not meet the technical definition for a true detona- 
tion; nonetheless, it is common in the display indus- 
try to refer to those strong explosions as shell- 
detonations.) 


Shell Drift - (Also Drift Effect) - Aerial display shells 
do not follow the exact path that is predicted for them 
based on simple ballistics. This is due to the presence 
of a number of other complex aerodynamic forces 
acting on the shell, e.g., magnus forces from the 
shell’s tumbling. The average drift distance for 
spherical shells is approximately 32 feet per inch 
(0.40 m/mm) of shell size, and approximately 20 feet 
per inch (0.25 m/mm) of shell size for cylindrical 
shells. (Also see Magnus Effect.) 


Assumes Shell Does 
Not Burst at Altitude 


\ 
Actual Path —* 


Ballistically s Predicted 
Predicted Path : Point of 
Fall 
Mortar }——+ |= 
Shell Drift 
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Shell Firing Sequence - The firing of an aerial display 
shell is illustrated as follows: 1) The black match de- 
lay element on the shell leader is ignited. 2) A few 
seconds later the quick match portion of the shell 
leader is ignited and quickly consumed. 3) The Black 
Powder lift charge is ignited. 4) The burning lift 
charge ignites the shell’s time fuse and produces the 
gases, which, in the relative confinement of the mor- 
tar, cause the high pressure that rapidly accelerates 
the shell up and out of the mortar. 


Shell Leader - The length of quick match attached to 
an aerial display shell that transfers fire to the lift 
charge. At the end of the quick match not attached to 
the shell is a slow burning element, usually consisting 
of exposed black match that is protected from sparks 
by a safety cap. The slow burning portion of the 
leader provides time for the shooter to safely with- 
draw after lighting the shell leader. (See Shell Firing 
Sequence.) 


Shell Misfire - An aerial display shell malfunction. In 
this case the quick match burns away after being ig- 
nited but nothing else happens, leaving a “live” shell 
in the mortar. (Contrast with Dud Shell.) 


Shell of Fusillading Shots - See Shots, Fusillading. 


Shell of Shells - An aerial display shell which contains 
internal shells that are ignited and dispersed when the 
original shell bursts. In cylindrical shells, when the 
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internal shells are small, they may also be called 
“puppadella” or “bombettes”; in spherical shells, they 
may be described as “small flowers”. 


Shell Size - See Aerial Shell Size. 


Shellac - A mixture of chemical compounds; a natural 
resin secreted by insects. 


In fireworks: In the past shellac was a common fuel 
used in colored flame compositions. At present be- 
cause of its high cost, it is only occasionally used. 


Shipping Building (Fireworks) - A building used for 
the packaging of assortments of display fireworks 
into shipping cartons for individual fireworks dis- 
plays. Shipping buildings are also used for loading 
packaged displays into vehicles for shipping. 


Shock Tube - (Also Nonel™) - A thin plastic tube, typi- 
cally 1/8 inch (3mm) in diameter, the inside surface 
of which has been coated very thinly with a mixture 
of powdered aluminum and an explosive (usually 
HMxX). When initiated by a combination of flame and 
pressure (shock) a chemical reaction proceeds at a 
high rate (~6500 feet/second or ~2000 m/s) along its 
length. A bright flash of light and a loud noise are 
produced; however, without damaging the tube. 


In fireworks: A new product (Nomatch™), based on 
shock tube, is being introduced to replace aerial shell 
leaders. 


In explosives: Shock tube can be used for non- 
electric initiation. 


In pyrotechnic special effects: Shock tube is some- 
times used for simulating lightning strikes. (Also see 
Streeks™,) 


Shock Wave (Air) - See Blast Wave. 


Shock Wave (Explosive) - A pressure pulse propagat- 
ing at greater than the speed of sound in the medium. 
The mechanism of propagation in high explosives is 
primarily by a shock wave. The shock wave is sup- 
ported by very rapid chemical reactions. The combi- 
nation of the shock wave and the chemical reaction 
zone is sometimes referred to as a detonation wave. 


Shock Wave (Rocketry) - The pressure produced by 


any object or fluid traveling at or above the speed of 
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sound in the surrounding medium. If the shock is cre- 
ated by a rocket nose cone, for example, the shock 
(called a bow shock) forms at the tip of the rocket 
with the shape of a cone toward the tail of the rocket. 
This shock wave produces the sonic boom associated 
with supersonic flight. Shock waves also form in the 
throat of nozzles experiencing critical flow. No mat- 
ter what the cause, information cannot be transmitted 
across the shock acoustically. Pressure, temperature, 
and velocity are discontinuous across the shock 
boundary, and changes on one side do not correspond 
to similar changes on the other. 


Shooter (Fireworks) - The display crew member re- 


sponsible for performing the actual ignition of the 
fireworks. 


Shooting Wire - See Electrical Wire. 


Short Circuit - An electrical circuit fault (with essen- 


tially zero resistance) that prevents an electric current 
from reaching the intended load. A short circuit has 
electrical continuity; so a continuity test fails to de- 
tect such a circuit fault. Depending on the location of 
the short circuit, a resistance check of the circuit may 
indicate an abnormally low resistance. 


In fireworks and rocketry: A short circuit is usually the 
result of an error in connecting the wiring, which inad- 
vertently allows electrical contact between two wires, 
such that the current bypasses the electric match or 
rocket igniter. As a result, when power is applied, the 
electric match or rocket igniter does not fire. 


Short Fusing - The practice of securing chain fusing to 


a rack between mortars. Short fusing makes it less 
likely that the chain fusing will fail because it was 
pulled apart by the firing of aerial shells along the 
chain. Also, in the event that a shell-detonation de- 
stroys a mortar and its rack, thus possibly allowing 
loaded mortars to become reoriented in dangerous di- 
rections, it is less likely that the firing will continue. 
This results because, as the rack is destroyed, it is 
likely that the fusing that is firmly attached to the 
rack will be severed. 


Short Wiring - The practice of securing the electric 


match leg-wires for each aerial display shell to a rack 
or other solid object. This practice makes it less likely 
that one wire will be pulled loose because of the fir- 
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ing of other aerial shells. Also, in the event that a 
shell detonation destroys a mortar and its rack, thus 
possibly allowing loaded mortars to become reori- 
ented in dangerous directions, it is less likely that 
shells will continue to be fired. This results because, 
as the rack is destroyed, it is likely that the wiring 
that is firmly attached to it will be severed, thus pre- 
venting further firings from that rack. 


Shot - (Also Report and Siatene) - A component of an 
aerial display shell or other aerial fireworks device. It 
contains salute powder, which a powerful pyrotech- 
nic composition (usually flash powder) that explodes 
violently, producing a loud noise with very little vis- 
ual effect other than a bright flash and smoke. The 
terms report and siatene generally refer to devices 
that are larger than shots. A shot may contain granu- 
lar titanium, to produce a cloud of white sparks upon 
exploding. (Contrast with Salute Shell.) (Also see 
Bottom Shot and Heavy Report.) 


Shot Hole - The central hole in a crossette (bursting 
comet) into which either a small shot is inserted, or 
into which a charge of flash powder is loaded. 


Shots, Fusillading - (Also Shell of Fusillading Shots) 
A shell containing multiple small shots or report 
components that explode in rapid random succession. 


Shots, Timed - (Also Timed Reports) - A series of 
shots, fused so that they explode in a regular se- 
quence one after another. Most often there are an odd 
number of shots with the last being a more powerful 
bottom shot. 


Shunt - An intentional short circuiting of one or more 
electrical firing circuits, usually done in the belief 
that safety will be improved. Shunting of electrical 
firing circuits prior to use is required in some juris- 
dictions. However, it is possible that shunting some 
types of circuits actually makes accidental ignitions 
(from RF pickup) more likely. 


Si - Chemical symbol for the element silicon. 


SI - Abbreviation for the International System of units, 
which is a metric system. 


SI Prefixes - (Also Unit Prefixes) - An indicator of a 
multiplier for scientific units. The following table 
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lists prefixes, their symbols, and the indicated multi- 
pliers, commonly found in pyrotechnics. 


Prefix Symbol  Miultiplier 


mega- M 10° 
kilo- k 10° 
centi-* Cc 10° 
milli- m 10° 
micro- UL 10° 
nano- n 10° 


* Note: The use of “centi-” is discouraged. 


SI Units - A collection of units for scientific quantities 


in the International System. Following is a table of 
quantities, their SI units, and symbols commonly 
used in pyrotechnics. 


Quantity Unit Symbol 
Capacitance farad F 
Electric potential volt Vv 
Electric charge coulomb C 
Electric current ampere A 
Electric resistance ohm Q 
Energy joule J 
Power watt W 
Frequency hertz Hz 
Force newton N 
Length meter 

Luminous flux lumen Im 
Mass kilogram kg 
Pressure Pascal Pa 
Time second S 


Siatene - (Also Saittine) - (Singular) Same as a shot or 


report, generally made in the traditional Italian style. 
(Plural, as in “a break of siatene”.) A ring of shots 
that explode at essentially the same time. (Contrast 
with Rondel; Lambetti; and Shots, Fusillading.) 


Sieve Size - See Mesh Size. 


Sigmoid Curve - (Also S Curve) - The S-like shape of 


some probability curves. Following is an illustration 
of a sigmoid curve for the probability of ignition as a 
function of ignition stimulus. 
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Ignition Probability 


(Accidents) 


Ignition Stimulus 


Note that pyrotechnic ignition is a statistical phe- 
nomenon and that for a given stimulus level the result 
will have an uncertainty associated with it. In this 
sense, the process of ignition has much in common 
with rolling dice; the probabilities can be established, 
but individual outcomes are generally not predictable. 


From the previous figure, at very low stimulus levels, 
there is essentially no chance of ignition of pyrotech- 
nic materials. As the level of stimulus increases, so 
does the chance (probability) of ignition. At very 
high levels of stimuli, the chance of ignition is essen- 
tially assured. 


The source of energy being delivered can be from 
impact, friction, thermal, electrostatic, etc. When 
there is an abundance of sensitivity data, a sigmoid 
curve is useful in displaying that data, and in visually 
assessing the predictability of the pyrotechnic mate- 
rial. If the curve stays at zero until it quickly rises to 
one, the material is very predictable regarding igni- 
tion. This is highly desirable. For such a hypothetical 
material, it is easy to establish the stimulus levels that 
never cause ignition, and those which always result in 
ignition. 


Silicon - [Si] - A chemical element; a dark gray pow- 
der; has a cubic crystal structure. Silicon is a common 
ingredient in igniter cord compositions, usually with 
red lead and potassium perchlorate. 


In fireworks: Silicon is occasionally used to increase 
the effectiveness of primes, by raising the flame tem- 
perature and by producing molten glass droplets. 


Hazard ratings: Health [2], Flammability [3], Reac- 
tivity [1], and Contact [1]. 


Silver Salute - One type of small but powerful explod- 
ing device containing flash powder. They were al- 
lowed for sale to the public in the US prior to the 
passage of the Child Protection Act of 1966. Silver 
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salutes were made using a % inch (12 mm) ID by 1% 
inch (37 mm) long paper tube, generally with a silver 
paper wrap. The ends were closed using end plugs, 
and the device was fitted with a short length of visco 
fuse. (Also see Cherry Bomb and M-80.) 


Single-Base Propellant - A commonly used propellant 
which uses nitrocellulose as the main ingredient. 


Site Plan - A sketch (map) of the fireworks display site 
or of the area of a performance using pyrotechnic 
special effects. The plan shows such things as: the 
location of devices to be discharged, the location of 
spectators or audience, separation distances, etc. 


Skyrocket - See Fireworks Rocket. 
Slats - See Rails. 
Small Lead Block Test - See Hess Test. 


Smoke - An air suspension of particles, usually from 
combustion. The particles can be solid, liquid, or both 
and have typical particle sizes of approximately 
0.0001 inch (2.5 microns). 


Smoke, Chemical - Smoke particles made as the result 
of a chemical reaction. For example, when ammonia 
gas and hydrogen chloride gas mix, they form a white 
smoke comprised of particles of solid ammonium 
chloride: 


NH3¢) ab HCl) -> NH,Cl,). 
(Contrast with Smoke, Physical.) 


Smoke, Colored - An intentional air suspension of 
particles that have the ability to selectively absorb a 
portion of the visible light spectrum, such that the 
light emitted from them appears colored. These parti- 
cles are typically organic dyes, which have been 
pyrotechnically vaporized and allowed to condense. 
For the condensed dye to be most effective in produc- 
ing intensely colored smoke, it is important that it not 
agglomerate into larger particles. In the following il- 
lustration the same number of dye particles are shown 
agglomerated and dispersed. 


[Continued] 
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Agglomerated Particles Dispersed Particles 


i 


% 


No Gas Production 


With Gas Production 


An effective mechanism to help prevent agglomera- 
tion of dye particles is to produce large amounts of 
gas in the process of vaporizing the dye. 


A common pyrogen for colored smokes is a combina- 
tion of potassium chlorate and lactose. The use of po- 
tassium chlorate is critical because it allows for an 
ignition temperature lower than the decomposition 
temperature of the dye. The use of lactose is impor- 
tant, partly because of its low ignition temperature 
with potassium chlorate, but also because it produces 
copious amounts of gas upon burning, as indicated. 


8 KCIO3 + CyHwO. 3 
8 KCI + 12 H,0¢) + 12 CO). 


The burning of one mole of lactose, produces 24 
moles of gas, which occupies a volume of 528 L at 
STP. (Also see Smoke, Physical.) 


Smoke Generator, Pyrotechnic - A pyrotechnic de- 
vice which produces smoke efficiently. The follow- 
ing drawing illustrates some desirable characteristics 
of a smoke generator. 


<— Condensed Smoke 


<————— Adiabatic Cooling Taking 
Place as Gas Escapes 
Vaporized Smoke 


<— Burning Surface 


<— Canister 


Smoke Composition 


It is useful to have a void space above the surface of the 
smoke composition, for the combustion products (and 
vaporized smoke) to cool before exiting. Further (adia- 
batic) cooling of the existing gases is accomplished 
by having a relatively small exhaust hole that causes 
a pressure drop in the gas upon exiting. Providing a 
central core hole in the composition increases the burn- 
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ing surface area (increases smoke production rate). It 
also reduces the build up of an ash layer and thus 
makes it more likely that the vaporized smoke dye 
will escape unburned. 


Smoke Liquid - See Fog Liquid. 


Smoke Mortar - A device to hold a smoke producing 


charge of powder and to direct the smoke produced. 
This is typically a tube attached to a base. 


Smoke, Physical - Physical smoke consists of particles 


produced as a result of a temporary vaporization of 
the smoke substance. For example, when oil is heated 
to the point where it is vaporized and it then is al- 
lowed to cool, it condenses to produce a white smoke 
comprised of liquid oil particles. 


In_fireworks: Essentially all colored smokes are 
physical smokes, produced as a result of vaporizing a 
dye which is capable of withstanding relatively high 
temperatures without decomposing. 


In special effects: White smoke, produced with a 
fogger, is an example of a physical smoke. 


Safety Note: Because of the inhalation hazard, oil 
should never be used to make smoke special effects. 


(Contrast with Smoke, Chemical.) (Also see Smoke 
Generator, Pyrotechnic; Fogger; and Fog Liquid.) 


Smoke Pot - A pyrotechnic device used to create smoke 


during a performance. 


Smokeless Powder - A pyrotechnic material contain- 


ing nitrocellulose and often nitroglycerin. It is used in 
small arms ammunition, military ammunition, and 
propellant-actuated power devices. 


In fireworks: Smokeless powder is seldom used ex- 
cept in very specialized applications. 


In special effects: Smokeless powder is the main in- 
gredient in most flame projectors. 


Sodium Benzoate - [NaC7H;0,] - A chemical com- 


pound; a white amorphous powder. Sodium benzoate 
is a fuel useful in producing pyrotechnic whistles. 


In fireworks: Sodium benzoate, in combination with 
potassium perchlorate, is also used as a shell bursting 
charge. 
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Hazard ratings: Health [1], Flammability [1], Reac- 
tivity [0], and Contact [1]. 


Sodium Bicarbonate - (Also Sodium Hydrogen Car- 
bonate and Baking Soda) - [NaHCOs;] - A chemical 
compound; a white powder; has a monoclinic crystal 
structure. 


In fireworks: Sodium bicarbonate is most commonly 
used as a delay agent in glitter formulations. It is also 
sometimes used as a yellow color agent. 


Hazard ratings: Health [0], Flammability [0], Reac- 
tivity [1], and Contact [1]. 


Sodium Carboxymethylcellulose - (Also CMC and 
Carboxymethylcellulose) - [NaCgH,.0s] - A chemical 
compound; an effective thickening agent and binder. 


Hazard ratings: Health [1], Flammability [1], Reac- 
tivity [1], and Contact [1]. 


Sodium Fluoaluminate - See Cryolite. 


Sodium Hydrogen Carbonate - See Sodium Bicarbon- 
ate. 


Sodium Nitrate - [NaNO] - A chemical compound; a 
white powder; an oxidizer; has a trigonal or rhombo- 
hedral crystal structure. 


In fireworks: Sodium nitrate is sometimes used as a 
yellow color agent and oxidizer; however, its use is 
limited by its hygroscopicity. 


In military pyrotechnics: Sodium nitrate is the oxi- 
dizer of choice for high intensity flares. 


Hazard ratings: Health [1], Flammability [0], Reac- 
tivity [3], and Contact [1]. 

Sodium Oxalate - [Na,C,O,] - A chemical compound; 
a white powder. 


In fireworks: Sodium oxalate is used as a yellow color 
agent and as a delay agent in glitter formulations. 


Hazard ratings: Health [3], Flammability [0], Reac- 
tivity [1], and Contact [3]. 


Sodium Salicylate - [NaC;H;O;] - A chemical com- 
pound; a white powder. Sodium salicylate is a fuel 
used in producing pyrotechnic whistles. 


Hazard ratings: Health [1], Flammability [1], Reac- 
tivity [0], and Contact [1]. 
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Sodium Silicate - (Also Water Glass) - [Na,O-2SiO,, 
approximate] - A chemical compound; generally dis- 
solved in water to form a colorless liquid. 


In fireworks: In the past sodium silicate was used ex- 
tensively to make pyro-adhesive, for adding fire re- 
sistance to paper tubes by dipping, and as an adhesive 
for labels and cartons. At present it is not commonly 
used except to treat the tips of cones for consumer 
fireworks fountains. 


Hazard ratings: Health [1], Flammability [0], Reac- 
tivity [0], and Contact [2]. 


Sodium Sulfate - [Na.SO,] - A chemical compound; a 
white powder; has an orthorhombic crystal structure. 
It occurs as the mineral thenardite. 


In fireworks: Sodium sulfate is used as a high tempera- 
ture oxidizer in some yellow strobe compositions. 


Hazard ratings: Health [0], Flammability [0], Reac- 
tivity [0], and Contact [1]. 


Soft Detonator - A pyrotechnic special effect that uses 
a composition with a higher velocity of propagation 
than a bullet hit. It has no metallic elements or jacket. 
It is essentially a blasting cap without a metal jacket. 


Solid Propellant Rocket Motor - A rocket motor with 
its fuel and oxidizer in a solid state. 


Solvent - A liquid in which other materials are dis- 
solved. Solvents are typically divided into two groups: 
water (aqueous) and all other liquids (non-aqueous). 


Spall - The material released from a free surface, such 
as fragments of concrete from a wall, as a result of an 
explosive attack from the opposite wall face. This is 
usually the result of a supersonic compressive wave 
traveling in the medium and reflecting from the free 
surface as a tensile wave. 


Sparking Material - Any material that is capable of 
producing incandescent particles (sparks) as a result 
of mechanical action (rubbing and striking). The use 
of sparking materials for tools and work surfaces used 
with pyrotechnics is not considered advisable for 
safety reasons. Further the US Bureau of Alcohol, 
Tobacco and Firearms has a requirement that the inte- 
rior surfaces of magazines that can come into contact 
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with explosives, must be non-sparking or covered 
with non-sparking material. 


Sparkle Pot - A device intended to contain and control 
the discharge of sparkle powder. 
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The fairly long length of a sparkle pot is useful to 
project the sparks higher. 


Sparkle Powder - A theatrical flash powder that pro- 
duces a bright flash of light and a shower of sparks 
when ignited. 


Sparks (Pyrotechnic) - Solid or liquid particles, which 
have been heated to high temperature, typically in a 
flame, such that they incandesce after leaving the 
flame. 


Flame 
Burning Envelope 
Pyrotechnic 


Composition 


Molten 
Reacting 
Surface \ e . 
\ \ \ 
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For sparks to have an attractive appearance they must 
remain incandescent for some time after leaving the 
environment of the flame. Generally this will only be 
the case for particles that are able to react with at- 
mospheric oxygen to produce additional thermal en- 
ergy. Sparks range in color and intensity, from dim 
reddish orange to yellowish to bright white. The 
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color (and intensity) of sparks generally follows their 
electronegativities, which in turn relate to their ten- 
dency to combine energetically with oxygen. Follow- 
ing is a listing of spark producing materials, their 
electronegativity, and spark color. 


Electro- Spark 
Material Negativity Color 
Carbon 2.6 Orange 
Iron 1.8 Yellow 
Aluminum 1.6 Yellowish White 
Titanium 1.5 Yellowish White 
Zirconium 1.3 White 
Magnesium 1.3 White 


Spark materials, especially carbon, directly exposed 
to atmospheric oxygen, tend to be quickly consumed. 
To prolong the life of sparks, they can be protected 
from too rapid oxidation. The following illustration 
indicates how this is accomplished using the combus- 
tion products of Black Powder. 


Molten Black Powder 
Combustion Products 
(K,CO,, K,S, K,SO,, etc.) 


Carbon Particle 
Protected From Too 
Rapid Air Oxidation 


(Also see Branching Sparks and Black Body.) 


Special Effect (Fireworks) - Any device used in aerial 
display shells, which does not clearly fall into the 
category of “color” (stars) or “noise”. 


Special Effect (Theatrical) - An illusion created to 
enhance a performance. 


Special Effect, Pyrotechnic - A special effect created 
through the use of pyrotechnic materials and devices. 


Special Effects Operator - See Pyrotechnic Operator. 
Special Fireworks - See Display Fireworks. 


Specific Impulse (Explosives) - The impulse produced 
by an explosion per unit of projected area of the body 
acted upon. Accordingly, specific impulse has the 
units impulse/area, e.g. Ns/m’. 
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Specific Impulse (Rocketry) - Specific impulse is a 
measure of the efficiency of a propellant. For a liquid 
fuel rocket it may be computed by dividing the thrust 
by the weight flow rate of the propellant. Weight 
flow rate is hard to estimate for solid fuel rockets so 
the mean specific impulse is computed by dividing 
the total impulse by the total weight of the propellant 
grain. In either case the units of specific impulse are 
seconds. For ammonium perchlorate/polybutadiene 
composite propellants, without metal fuels, specific 
impulse can approach 235 s. Black Powder propellant 
typically has a specific impulse of approximately 90 
s, and zinc-sulfur propellants may be as low as 30 s. 


Because thrust is a momentum transfer process from 
the exhausted gases, the velocity and mass of the ex- 
hausted compounds is of importance. From thermo- 
dynamic considerations alone, specific impulse is pro- 
portional to the square root of absolute temperature 
and inversely proportional to the square root of atomic 
mass. Accordingly, a rocket motor producing hot hy- 
drogen would have the highest specific impulse. He- 
lium, with a mass of 4, produces a specific impulse of 
150 s even at only 300 K. 


Upon burning, composite motors produce hydrogen 
(m = 2), hydrogen chloride (m = 36.5), water (m = 
18), and nitrogen oxides (m = varies). If an average 
mass of 26 is assumed then the exhaust temperature 
must be 2000 K to produce a specific impulse of 150 s. 
Thermite and zinc-sulfur, with very high mass com- 
bustion products, cannot compete with propellants 
which have products of low molecular weight. 


Spectral Colors - Spectral colors have a color purity of 
100%. They are the colors seen in the spectra of atoms 
and rainbows. Following are the colors and their wave- 
lengths. 


Color Approx. Wavelength (nm) 
Red 700 to 610 
Orange 610 to 590 
Yellow 590 to 570 
Green 570 to 490 
Blue 490 to 450 
Violet 450 to 400 


In a chromaticity diagram, these are the colors corre- 
sponding to the outer tongue shaped curve. 
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Spectrum - See Color Spectrum and Electromagnetic 


Spectrum. 


Spectrum, Atomic - (Also Line Spectrum) - Atoms 


have electron energy levels with precise energy val- 
ues. All atoms of the same element have the same set 
of discrete energy levels, and each different type of 
atom has a different set of discrete energy levels. At- 
oms can be caused to emit photons, for example, 
when they are heated to high temperatures such as in 
a flame. The emitted photons have precise energies 
because the atomic energy levels have precise values. 
As a result, atoms produce spectra that consist of a 
series of narrow lines, sometimes referred to as line 
spectra. 


Number of Photons 


Photon Energy 


(Also see Electromagnetic Spectrum.) (Contrast with 
Spectrum, Molecular.) 


Spectrum, Continuous - (Also Black Body Spectrum) 


- When solids and liquids are heated to high tempera- 
tures, such as in a flame, they incandesce. They pro- 
duce photons with a very broad and continuous distri- 
bution of energies, resulting in a continuous spectrum. 
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No. of Photons 


Photon Energy 


(Also see Black Body and Electromagnetic Spec- 
trum.) 


Spectrum, Electromagnetic - See Electromagnetic 
spectrum. 


Spectrum, Molecular - (Also Band Spectrum) Mole- 
cules have electron energy levels each of which has a 
band of allowed energies. All molecules of the same 
compound have the same set of energy level bands, 
and different molecules have different sets of energy 
bands. Like atoms, molecules can be caused to emit 
photons, for example, when they are heated to high 
temperatures in a flame. However, unlike atoms, the 
emitted photons do not possess discrete energies, but 
rather they have bands of energies. 


Number of Photons 


Photon Energy 


(Also see Electromagnetic Spectrum.) (Contrast with 
Spectrum, Atomic.) 


Spherical Aerial Shell - Describes the shape of an 
aerial display shell. These shells tend to be either 
hard breaking (Warimono) shells or weak breaking 
(Poka) shells.(Also see Japanese-Style Aerial Shell.) 


Spider Web Shell - (Also Spider) - A hard breaking 
aerial shell typically having a relatively small number 
of large stars, normally comet stars. Spider shells are 
usually cylindrical shells with a small flash powder 
break charge and produce an asymmetric break. Spi- 
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der web shells having eight large comets are some- 
times called Octopus Shells. 


Spiking - (Also Stringing) - The process of tightly 
wrapping string around a cylindrical aerial shell. This 
is done to add strength to the shell casing. Often glue 
is applied to the shell after spiking, to provide extra 
strength and to hold the string in place. Occasionally, 
glue is coated on the string before it is wrapped around 
the shell. In Mexico, it is not uncommon to use string 
that has been coated with asphalt roofing cement. 


Spiking Horse - A device used to facilitate the tight 
wrapping of string on an aerial display shell. This can 
be nothing more than a board with a couple of nails 
driven into it, and around which string has been 
wound. Such a device is secured in place and pulled 
against as the string is wrapped onto the shell. It is 
possible to have more elaborate spiking horses, in 
which the string supply is locked with a cam or other 
arrangement. Also, some spiking horses are in the 
form of a bench upon which the operator sits while 
working. 


Spindle - See Rocket Spindle. 


Spiral-Wound Tube - A paper tube in which several 
relatively narrow strips of paper are wound around a 
mandrel at an angle, to form a tube. Glue is applied to 
the strips to hold the tube together. Seams in the 
completed tube form the spiral pattern viewed from 
both the inside and outside of the tube. (Contrast with 
Parallel-Wound Tube.) 


Split Comet - See Crossette Comet. 


Spolette - (Also Roman Fuse or Rammed Fuse) - A 
type of aerial shell time fuse consisting of a small 
tube partially filled with tightly compacted black or 
rough powder. The powder is ignited on one end. The 
time it takes to burn to the other end is determined by 
the length of the powder core in the spolette. 
Spolettes can provide extremely accurate timing and 
are often used on large diameter and multi-break 
shells in place of time fuse. 


Sponsor (Fireworks) - The person, organization, or 
governmental entity that has caused a fireworks dis- 
play to be conducted. The sponsor usually provides 
or collects the funds to pay for the fireworks display. 


Illustrated Dictionary of Pyrotechnics 


Sporting Arms and Ammunition Manufacturers’ 
Institute - (Also SAAMI) - An association of sport- 
ing ammunition manufacturers which establishes and 
publishes voluntary standards related to the industry. 


Spotter (Fireworks) - A member of the display crew, 
who observes the firing and bursting of aerial shells 
for the purpose of detecting proper mortar angling 
and noting the occurrence of duds. Often the display 
operator acts as the spotter. 


Spreader Star - (Also Granite Star) - A type of fire- 
works star, containing zinc powder, that burns 
fiercely, spreading small burning pieces of the star as 
it moves through the air. The zinc causes the star to 
produce a soft bluish-greenish-white color which is 
quite attractive. Spreader stars are seldomly used to- 
day because they are quite heavy and it is difficult to 
get them to function reliably. 


Spur Fire - A spark effect produced by a reaction of 


carbon and molten potassium sulfide. It appears as 
golden branching sparks emanating from a dross 
droplet. Senko Hanabi is a Japanese term describing 
the device (or effect) when the droplet is held sus- 
pended (unmoving). In England it is somewhat com- 
mon to see fountains (often called Flower-Pots) that 
produce a spray of such dross droplets moving 
through the air. It is said that the term spur fire origi- 
nates from the appearance of these moving dross 
droplets and the sparks produced. 


Squib - See Electric Squib. 


Sr - Chemical symbol for the element strontium. 


Stand-Off - The distance between an explosive and an 
object, as required in the most effective use of shaped 


charges. 


Standard State - The most stable form of a chemical 
substance at | atm pressure and a specified tempera- 
ture, usually 20 °C (298 K). 


Standard Temperature and Pressure - (Also STP) - 
A standard set of conditions for measurements, e.g., 
gas volume. The standard conditions are 0 °C (32 °F 
or 273 K) and one atmosphere (14.7 psi or 101 kPa). 
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Stars - Small pellets (usually cubes, cylinders or 
spheres) of composition which are discharged from 
aerial display shells, mines, roman candles, or other 
devices, and burn while in the air creating a color or 
other effect. Stars that leave a trail of incandescent 
sparks are often called comets or comet stars. 


Stars, Blind - See Blind Stars. 


Star Pump - (Also Comet Pump) - A tool for making 
cylindrical stars. It consists of a cylindrical sleeve 
and plunger, as illustrated. 


a Sleeve 


Cavity Where 
Star is Formed 


Plunger scl 

A star pump is used by pushing it into dampened star 
composition; then pressing the plunger downward (or 
for large star pumps, ramming with light mallet 
blows) to compress the composition; finally, holding 
the sleeve, the plunger is used to eject the completed 
star. 


Static Dissipative - See Electrostatic Dissipative. 


Static-Test Stand - The device or facility used to se- 
curely hold a rocket motor for the purpose of measur- 
ing and recording thrust versus time data during test 
firings. 


Stearic Acid - (n-octadecanoic acid) - [CjgH36O.] - A 
chemical compound; a white powder from natural 
fats. Stearic acid is sometimes use as a phlegmatizing 
agent. 


In fireworks: Stearic acid is a low reactivity fuel (an 
accessory fuel) with potential to act as a flame deoxi- 
dizer. It is used in some blue star formulations. 


Hazard ratings: Health [1], Flammability [1], Reac- 
tivity [1], and Contact [1]. 


Stearin - (Also Glyceryl Tristearate) - [C3Hs- 
(C1gsH3502)3] - A chemical compound; a white pow- 
der, a constituent of most natural fats. Stearin is often 
used to coat flake aluminum and to provide a phleg- 
matizing effect. 
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Steel Sleeve Test - See Koenen Test. 
Stefan’s Law - See Black Body Emissions. 


Stoichiometry - The branch of chemistry dealing with 
the exact balance of chemicals in a reaction. Some- 
times stoichiometric implies the ideal ratio of ingre- 
dients. (Also see Atomic Weight, Formula Weight, 
and Molecular Weight.) 


Storage - In the parlance of the US Bureau of Alcohol, 
Tobacco and Firearms, storage of explosives implies 
a lack of attendance by a person. That is to say, if the 
explosives are under the surveillance or control of a 
designated individual, the explosives are “in use”. It 
is only when explosives are unattended that they are 
“in storage” and must be placed in a magazine. 


Storage Building - A building in which consumer 
fireworks or model rocket motors are stored, in any 
stage of processing, but in which no processing or 
manufacturing 1s performed. 


STP - Abbreviation for Standard Temperature and 
Pressure. 


Straight Fire Salute - See Salute Shell. 


Streeks™ A special effect using shock tube to simu- 
late lightening strikes. 


String - Fine cordage commonly made of cotton, but 
flax and synthetic materials are not uncommon. 
String is often described in terms of the number of 
plies of threads used to make the string, e.g., 10-ply 
cotton string. 


In fireworks: A chain of pyrotechnic devices may be 
called a string as in “a string of salutes”. 


Stringing - See Spiking. 


Strobe Effect - A blinking effect where bright flashes 
of light are produced at fairly regular intervals, with 
relatively complete darkness between flashes. The 
following figure illustrates the light output typically 
produced by a pyrotechnic strobe device. 
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Light Flashes 


Light Intensity 


Time 


The mechanism of producing the strobe effect is the 
result of two types of reactions. The first is a rela- 
tively low temperature smolder (or dark) reaction, 
which produces a slag layer. After a period of time, 
further reactions in the slag layer heat it to the point 
of triggering a flash reaction, consuming most of the 
slag layer and producing a bright flash of light. This 
process is repeated until no composition remains, as 
illustrated in the following figure. 


Strobe 


; Thickening 
Star v Ignited 


Slag Layer 


Thin Slag 
Layer 


Strobe effects are seen in aerial shells (stars), ground 
devices (strobe pots), and rocket motors (strobe rock- 
ets). Strobe stars are simply pellets of strobing com- 
position (which must be heavily primed to ensure ig- 
nition). Strobe pots have strobe composition pressed 
or loaded into small tubes or end plugs. Strobe rock- 
ets are made with strobe composition pressed into 
casings as a rocket motor; however, their design is 
critical. There is only a small performance range be- 
tween strobe rockets not producing sufficient thrust 
and their exploding. Strobe compositions are all 
somewhat sensitive, and their pressing must be done 
with extreme caution. Strobe effects can be produced 
in all the colors typical of fireworks; however, the 
colors tend to be of lower purity. (Also see Oxidizer, 
High Temperature.) 


Strobe Pot - See Strobe Effect. 


Strobe Rocket - See Strobe Effect. 
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Strobe Star - See Strobe Effect. 


Strontium Carbonate - [SrCO;] - A chemical com- 
pound; a white powder; has a rhombic crystal struc- 
ture. It occurs as the mineral strontianite. 


In fireworks: Strontium carbonate is the most com- 
mon color agent for red flame compositions. 


Hazard ratings: Health [1], Flammability [0], Reac- 
tivity [0], and Contact [1]. 


Strontium Nitrate - [Sr(NO3).] - A chemical com- 
pound; a white powder; and oxidizer; has a cubic 
crystal structure. 


In fireworks: Strontium nitrate is frequently used as 
an oxidizer and red color agent, especially when us- 
ing a metal fuel. 


In pyrotechnic special effects: Strontium nitrate is 
sometimes used as the oxidizer in theatrical flash 


powder. 


Hazard ratings: Health [1], Flammability [0], Reac- 
tivity [3], and Contact [1]. 


Strontium Sulfate - [SrSO,] - A chemical compound; 
a white powder; has a rhombic crystal structure. It 
occurs as the mineral celestite. 


In fireworks: Strontium sulfate is a high temperature 
oxidizer used in some red strobe compositions. 


Hazard ratings: Health [1], Flammability [0], Reac- 
tivity [0], and Contact [1]. 


Structural Parts (Rocketry) - Load bearing parts of a 
model or high power rocket, such as the nose cone, 
body tube and fins. 


Subsieve Size - Describes very small particle sizes that 
are too small to be separated using standard sieves. 
Typically these are particles with average sizes less 
than 10 or 20 microns. 


Sulfur - [S] - A chemical element; a yellow powder; 
has rhombic, monoclinic or amorphous crystal struc- 
ture. It occurs naturally as elemental sulfur. 


In fireworks: Sulfur is commonly used as a fuel in 
compositions containing nitrate oxidizers. In the past 
it was also used with chlorate and perchlorate oxidiz- 
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ers. However, today such combinations are generally 
recognized to be too sensitive for routine use. 


In explosives: Sulfur is one of the three ingredients in 
Black Powder, serving as both fuel and binder. 


In rockets: Sulfur can be used as the oxidizer for zinc 
metal, and the combination used as a propellant. 


Hazard ratings: Health [1], Flammability [1], Reac- 
tivity [0], and Contact [1]. 


Sun - A traditional Japanese unit of aerial display shell 
size. One sun is equal to 1.19 inches (30 mm). 


Super Glue™ - See Cyanoacrylate Adhesive. 


Support Personnel - Any person who is not a per- 
former or member of the audience. Support personnel 
include the road crew, stage hands, security guards, 
fire watch officers, and maintenance personnel. 


The Support of: 


Marv Kohler Enterprises, Inc. 
Direct Importer - Factory Distributor 


Fireworks 
Europe’s Periodical Devoted to Fireworks 


Allied Specialty Insurance 
San Antonio, Sacramento, & Treasure Island 


American Fireworks News 
For People Who Have Smelt the Smoke 


Canadian Explosives Research Laboratory 
US DOT Classification Testing 


Empire Specialty Products 
Producing High Quality Domestic Shells 


Lantis Fireworks & Lasers 
Explosive Entertainment for Your Event 


Daveyfire, Inc. 
Manufacturer of DaveyFire Electric Squibs 


is gratefully acknowledged. 
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Tagboard - A type of coarse paper commonly used to 
make file folders. 


In fireworks: Tagboard is sometimes used as a liner 
for hand rolled aerial shell casings. 


In rocketry: Tagboard is often used to make high 


quality and very strong motor casings. 


Teflon™ - See Polytetrafloroethylene. 


Temperature - A measure of thermal activity that 
results from atomic and molecular motion. At a tem- 


perature of absolute zero, these motions cease. Tem- 
perature is measured by any of a collection of scales 


which use a variety of reference temperatures such as 
the freezing and boiling points of pure water. (Also 


see Fahrenheit Scale, Celsius Scale, Kelvin Scale.) 


Temperature, Electron - The kinetic temperature of 


electrons. In a plasma, electrons are separated from 
atoms. Those electrons have a kinetic temperature. 


Electron temperature is measured using a Langmuir 
probe. 


Temperature, Ignition - See Ignition Temperature. 


Temperature, Ion - This has two meanings. The first 


is similar to electron temperature and represents the 
kinetic temperature of the ions in a plasma. The sec- 


ond is the temperature that would be predicted based 
on the degree of ionization of a gas. 


Temperature, Kinetic - The temperature of an object 


or gas based on the vibrations of its atoms or mole- 
cules. This is the temperature that would be measured 


by an ordinary thermometer. The average energy of 
an atom in a gas depends only on temperature and is 


predicted by Boltzmann’s law: 


E, = 1.5-k-T, 


where: 
E, = the kinetic energy; 


k =Boltzmann’s constant, 1.38x10 7° J/K; and 
T = temperature in Kelvin. 
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This temperature is strictly valid only for ideal gases 
that are composed of “rigid molecules”. 
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Temperature, Molecular - The temperature of a gas 
when internal energies caused by molecular rotation 
and vibrations are considered. When an exothermic 
reaction occurs, energy is transferred into both the 
kinetic energy of the molecule as a whole, and into 
the bonds between the constituent atoms of the mole- 
cule. In a solid, temperature is almost exclusively of 
the second type since pieces of the solid do not fly 
off in random directions. 


Temperature, Normal - Room temperature, approxi- 
mately 20 °C. 


Temperature, Standard - The freezing point of water, 
0 °C, 273 K, and 32 °F. (Also see Standard Tempera- 
ture Pressure.) 


Terminal Boards - See Rails, preferred terminology. 


Theatrical Flash Powder - A pyrotechnic material 
intended for use in theatrical performances. Theatri- 
cal flash powder produces a flash of light when ig- 
nited. Typical theatrical flash powder burns slower 
than fireworks flash powder. It may also produce a 
shower of sparks. Theatrical flash powder is not in- 
tended to produce a noise effect (loud report). (Con- 
trast with Concussion Powder.) 


Thermal Equilibrium - When all of the constituents 
of a system are at the same temperature, as measured 
by a thermometer. (Also see Thermodynamic Equili- 
bration.) 


Thermal Explosion - The result of a run-away exo- 
thermic chemical reaction that occurs when the rate 
of evolution of heat within a reacting volume is 
greater than the rate at which the volume can dissi- 
pate the heat to its surroundings. Thermal explosions 
are considered to occur in static systems and, as such, 
do not involve the flow of either reactants or prod- 
ucts. As a static system, thermal explosions can be 
described by the laws of thermodynamics and kinet- 
ics; however, since there is no mass transfer (flow), 
they do not depend on the laws of hydrodynamics. 
(Also see Thermal Run-Away Temperature.) 


Thermal Run-Away Temperature - The temperature 
where the rate of energy production for a pyrotechnic 
material exceeds the rate of energy loss. The rate of 
chemical reactions increase with increasing tempera- 
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ture. For pyrotechnic materials, which have exother- 
mic reactions, this means that the rate of energy pro- 
duction increases with increasing temperature. As the 
temperature rises, the rate at which energy is lost to 
the surroundings also increases. At first the rate of 
loss is greater than the rate of gain; however, at some 
temperature the rate of gain begins to exceed the rate 
of loss. This is illustrated in the following graph. 


Rates of Heat 
Gain and Loss 


Temperature 


The temperature at which the rate of heat gain is 
greater than the rate of heat loss is called the thermal 
run-away temperature (T,). Once the sample has been 
raised to this temperature, its temperature will con- 
tinue to rise, running away. Eventually, without add- 
ing heat from the outside, the temperature will rise to 
the ignition temperature of the pyrotechnic material. 
In the past the thermal-run away phenomenon has re- 
sulted in a number of catastrophic accidents. 


The rate of energy gain is independent of sample 
size. However, the rate of energy loss depends on 
both the sample size and on its environment, e.g., its 
packaging. For larger samples, the resistance to heat 
loss is greater, i.e., the rate of heat loss is less. Also 
for loosely compacted material, the rate of heat loss is 
less than for compacted material in the same envi- 
ronment. Accordingly, for any given pyrotechnic 
composition, there can be many different thermal 
run-away temperatures for different sample configu- 
rations. (Also see Ignition Temperature and Ar- 
rhenius Equation.) 


Thermal Sensitivity - The response of a substance to a 
thermal stimulus. There are two components of a ma- 
terial’s thermal sensitivity: its ignition temperature 
and its thermal stability. (See Ignition Temperature 
and Thermal Stability.) 


Page 121 


Thermal Stability - A measure of a material’s re- Te 
sponse to exposure to relatively high temperatures for Type + Lead — Lead 
a given period of time. For example, the thermal sta- T Gx CuNi 
bility test for transportation purposes is exposure to J Fe Cu/Ni 
75 °C (167 °F) for a period of 48 hours. Any visible E Ni/Cr CWNi 
deterioration (or the ignition) of the sample during K Ni/Cr Ni/AI 
the test constitutes failure of the test. Military pyro- N Ni/Cr/Si Ni/Si/Mg 
technics are tested at various temperatures (and hu- R Pt/13% Rh Pt 
midities) for various durations. S Pt/10% Rh Pt 
Thermalite™ - The trade name for an igniter cord , Poe Rn Pu eae Bn 
manufactured by Canadian Safety Fuse (CXA). It has a Re be - 


been available in three color-coded speeds: 


Speed Color Burn Time Thermodynamic Equilibrium - When all of the con- 

Pas White 3-5 s/ft stituents of a system are at the same temperature, in- 

; dependent of the method of measurement. Thus, the 

Meus en 2 Ut electron temperature, ion temperature, kinetic tem- 
Slow __ Red _ 15-21 s/ft a ee 


perature, and molecular temperature are all equal. 
Normally, during the course of combustion, points in 
the flame may be at different temperatures. After a 
short time these temperatures tend to become equal 
through collisions and possibly other reactions, and 
thermodynamic equilibrium is established. (Also see 
Thermal Equilibrium.) 


For SI Units: 1 ft = 305 mm. 


Thermite - A mixture of aluminum and ferric oxide, 
invented by Hans Goldschmidt as an incendiary ma- 
terial. Although difficult to ignite, the mixture pro- 
duces high temperatures and molten iron. 

2 Al + Fe,0; > Al,O; + 2 Fe + Heat 

(Also see Goldschmidt Reaction.) La sieaees ee vane ee eee aoe 

place this is a time-weighted average concentration of 
an airborne substance that is believed to be low 
enough that workers will not have adverse health ef- 
fects when subjected to them daily. TLV’s form the 
basis for US Occupational Safety and Health Ad- 
ministration regulations. (Also see Lethal Dose 

(50%).) 


Thermocouple - A temperature sensor made by join- 
ing two dissimilar metals. When two different metals 
are brought into contact, they generate an electric po- 
tential (voltage). The voltage depends on the type of 
metals and the temperature at their point of contact 
relative to a reference temperature. Following are 
lists of some thermocouple types, their operating 


af Throat - The region of maximum constriction in a 
temperature range, and compositions. 


rocket nozzle. It is in the throat of a nozzle that the 
shock is created during critical flow. 


T.C. Temp. Range 

PE be Thrust - The propulsive force generated by a function- 
T —200 to 350 ing rocket motor. Thrust is typically measured in 
J 0 to 750 pounds force (English) or newtons (metric). 
E —200 to 900 
K —~200 to 1250 Thrust Coefficient - A dimensionless measure of the 
N —~270 to 1300 efficiency with which energy is converted into thrust 
R 0 to 1450 by the nozzle of a rocket. When the pressure thrust 
S 0 to 1450 (P.: A;) is multiplied by the thrust coefficient (Cs) the 
B 0 to 1700 actual thrust (F) is obtained. 
G 0 to 2320 F = Cr: Po: Ai, 
C 0 to 2320 
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where P, is chamber pressure and A; is the area of the 
nozzle’s throat. Thrust coefficients vary from ap- 
proximately .8 to 1.9. A nozzle with an internal con- 
verging region but no external diverging cone would 
have a thrust coefficient of approximately 1.2. Inclu- 
sion of an expanding section of the nozzle increases 
the thrust coefficient further. 


Thrust coefficient is dependent on altitude because of 
the varying atmospheric pressure. The atmosphere, in 
effect, pushes back across the area of the nozzle exit. 
In a properly expanded nozzle the exhaust pressure 
would be equal to the atmospheric pressure exactly 
canceling this force. 


Thrust Curve - See Thrust Profile. 


Thrust Profile - (Also Thrust Curve and Thrust Trace) 
- The graph of the thrust produced by a rocket motor 
as a function of time. The area under the curve is the 
total impulse for the rocket motor. 


Thrust 


Time 
Thrust Trace - See Thrust Profile. 
Ti - Chemical symbol for the element titanium. 


Tiger Tail Shell - A spherical aerial shell that produces a 
very dense comet tail as it ascends. The comet effect 
is produced by the burning of a thick layer of comet 
composition coating the entire exterior of the shell. 


Time Fuse - (Also Fireworks Time Fuse) - Generally 
one or more substantial fuses installed in an aerial 
shell to provide the time delay between firing from a 
mortar and its bursting. Time fuse typically consists 
of a heavy powder core and a thick covering of inert 
material. Time fuse is usually ignited by the burning 
lift charge. (In a top-fused aerial shell, the time fuse 
is ignited by the burning of the shell leader.) Time 
fuse provides the time delay necessary for the shell to 
coast upward to the desired burst height. When the 
time fuse burns through to the interior of the shell, 
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the shell’s break charge is ignited. Following is a ta- 
ble of typical burst delay times for aerial shells. 


Shell Size Delay Time 


(in.) (sec.) 
3 3 
4 3,3 
5 4 
6 5 
8 6 
10 6.5 
12 7 


For SI Units: 1 in. = 25.4 mm. 


Different time fuses burn at somewhat different 
speeds, normally approximately 3 seconds per inch 
(0.125 s/mm). Bickford-style time fuse typically has 
a paper and thread outer covering that provides a 
readily glueable surface. It has a fairly thin interme- 
diate asphalt layer for moisture protection. Also, it 
typically has a larger powder core than (blasting) 
safety fuse. 


Powder Core Thread 
Inner Paper Wrap 
Asphalt Layer 

Outer Paper Wrap 


me/// 


Inner Thread Bundle 


Powder Core 
Outer Thread Wrap 


Another type of time fuse is the spolette. 
Timed Reports - See Shots, Timed. 


Titanium - [Ti] - A chemical element; a silvery metal; 
has a hexagonal or cubic crystal structure. 


In fireworks: Titanium is commonly used as a white 
spark producer, often in salutes, but also in star and 
gerb compositions. 


Hazard ratings: Health [1], Flammability [2 to 3], Re- 
activity [1], and Contact [1]. 


Titanium Ring - The sphere of burning titanium 
(sparks) propelled outward from a salute shell (or shot) 
that contains granular titanium mixed with the salute 
powder. 
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Titanium Salute - See Salute Shell. 


Titanium Tetrachloride - [TiCl,] - A chemical com- 
pound; a colorless liquid, which reacts with moist air 
to produce a white smoke. This is not a pyrotechnic 
material; however, it is used for some special effects. 
The reaction is: 


TiCl, +2 H,0¢) => T1075) +4 HCL. 


Unfortunately, one of the products of the reaction is 
hydrogen chloride, which further reacts with the mois- 
ture in air to produce a cloud of hydrochloric acid. 


Titanium tetrachloride is an intermediate product in 
the process of refining titanium ore into titanium metal. 


Titanium Whistle - See Whistle. 
TLV - Abbreviation for Threshold Limit Value. 
TNT - Abbreviation for Trinitrotoluene. 


TNT Equivalent - A measure of explosive strength. 
The TNT equivalent of a substance is the mass of 
TNT which produces the same explosive output as 
the explosive in question. For example, if 80 g of 
TNT is required to produce the same blast pressure as 
100 grams of flash powder, the TNT equivalent of 
the flash powder is 80/100 or 80% (0.80). 


Unfortunately, the TNT equivalent measured for an 
explosive depends on the method of comparison, e.g., 
blast pressure, vessel expansion, bent steel rods, etc. 
That is to say, a TNT equivalent determined by com- 
parison of blast pressure and that determined by 
comparison of Trauzl Block Test results, are not 
likely to be the same. This is why TNT equivalence is 
relevant only if the application is similar to the 
method used in its determination. 


Top-Fused Shell - An aerial display shell in which the 
time fuse is positioned on the top of the shell where it 
is ignited by the shell leader. A passfire is used to 
carry fire to the lift charge. Most large cylindrical 
shells and essentially all multi-break shells are top 
fused. See the following illustration. 
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Cross Match 
(Shell Leader) 


Time Fuse 


Pass Fire 
Fireworks Stars 
and Break Charge 


Lift Charge 


Total Impulse (Rocketry) - Total impulse is deter- 
mined by integrating the thrust profile, i.e., it is the 
area under the thrust profile. (Also see Installed Total 
Impulse and Thrust Profile.) 


Touch Paper - Paper which has been impregnated 
with potassium nitrate such that it ignites easily from 
a glowing punk and burns readily without producing 
flame. It is commonly used to light fireworks in other 
countries, particularly in the UK. 


Tourbillion - A tube device producing an aerial effect, 
in which an emitted jet(s) of gas causes its rotation. 
The gas is generally produced by the burning of a 
modified Black Powder composition, which also pro- 
duces sparks. Tourbillions may also have color stars 
attached to the tube for additional color or spark ef- 
fects. As a low level firework, the tourbillion usually 
rises into the air as a result of lift produced by an at- 
tached propeller blade. As an alternative, the tourbil- 
lion may produce additional jets of gas from below, 
producing vertical thrust. In this case, the propeller 
blade is replaced by a flat stabilizer. 


As a garniture in an aerial display shell, a tourbillion 
does not require lift or vertical thrust. Accordingly, it 
will generally not have a propeller blade or the addi- 
tional gas jets. (Contrast with Saxon.) 


Toy Rocket - See Model Rocket. 
TRA - Abbreviation for Tripoli Rocketry Association. 
Trajectory Garnishment - See Rising Effect. 


Trauzl Block Test - (Also Lead Block Test) - A com- 
parative test of explosive strength. A lead cylinder, 
200 mm diameter by 200 mm long, is prepared with a 
25 mm diameter by 125 mm deep hole on axis. A 10 g 
sample is loaded into the hole, which is then stemmed 
with sand. The sample is initiated with a number 8 
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detonator. The explosion expands the volume of the 
central hole. The original volume (61 cm?) is com- 
pared with the final volume, which is determined by 
filling the hole with water and measuring the volume 
of the water. The result reported for the test is the net 
increase in hole volume in excess of that caused by 
the detonator alone. 


Triangle Diagrams - A convenient method to chart 
the relative proportions of three ingredients (chemi- 
cals or mixtures of chemicals). The following is an 
illustration of a triangle diagram. 


B 
100 AO 


ex 
RN 
of Be 


40 


au AKKXXIAN 

100 80 60 40 2 
Each point inside the triangle represents one of the 
possible combinations of ingredients A, B, and C. 
Through the use of different symbols, the perform- 
ance of many different formulations can be recorded. 
This can be useful in refining formulations or when 
attempting to present the results of experiments for 


publication. 


In the previous illustration, the circle represents a 
composition with 40% A, 20% B, and 40% C. Simi- 
larly, the solid dot represents a composition with 20% 
A, 50% B and 30% C. 


Triboelectric Effect - (Also Frictional Electricity) - 
One method for the production of static electricity. 
When two dissimilar materials are in contact with 
each other, there will be a transfer of electrons (charge) 
between them. When the materials are separated, they 
retain that charge, such that one material becomes 
slightly positively charged and the other becomes 
slightly negatively charged. Similarly, rubbing causes 
the repeated contact and separation of the surfaces. 
Thus the charge separation process is enhanced when 
the materials are rubbed together. This is how dan- 
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gerous electrostatic potentials are often and inadver- 
tently produced. The presence of pyrotechnic materi- 
als in the area of the discharge, can cause accidental 
ignitions. (Also see Electrostatic Sensitivity.) 


Trinitrophenol - See Picric Acid. 


Trinitrotoluene - (Also TNT) - [C7HsN30¢] - A chemi- 
cal compound; a high explosive frequently used as 
the standard to which other explosives are compared. 
TNT has a velocity of detonation of 6900 m/s. In the 
past TNT was the most commonly used explosive in 
military ordinance. At present TNT is typically only 
used in mixtures with other high explosives. 


Tripoli Rocketry Association - (Also Tripoli) - An 
association of high power rocketry enthusiasts, both 
amateur and professional. 


Trunk Line (Electrical) - A wire or cable of wires 
running from an electrical firing panel to the area 
where individual fireworks will be ignited. 


Tube Types - There are essentially two ways to manu- 
facture paper tubes, one produces convolute-wound 
tubes and the other produces spiral-wound tubes. 


The Support of: 


Pyro Shows, Inc. 
1993 North American Fwks. Comp. Champion 


Lantis Fireworks & Lasers 
Our Hot Sounds Make Sparks Fly! 


PyroLabs, Inc. 
Pyrotechnic Research and Consulting 


Delcor Industries Inc. - Sam Bases, Pres. 
Professional Electrical Firing Equipment 


Iowa Pyro Supply 
Supplies for the Fireworks Trade 


is gratefully acknowledged. 
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a Bias 
Ultraviolet Light - See Light. 


Unit Prefixes - See SI Prefixes. 


United States Codes - (Also USC) - The set of federal 
statutes (laws) passed by the US Congress and upon 
which US Federal Regulations are based. 


Units, SI - See SI Units. 


Unoccupied Building - At a fireworks plant, any build- 
ing that is unoccupied during the entire work day. An 
unoccupied building may be used for long term stor- 
age of non-pyrotechnic materials. The necessity for 
utilizing some existing buildings, as unoccupied 
buildings, may be the result of changes in required 
separation distances at the manufacturing plant. 


US BATF - (Also BATF) - Abbreviation for the US 
Bureau of Alcohol, Tobacco and Firearms. 


US Consumer Product Safety Commission - See 
Consumer Product Safety Commission 


US CPSC - (Also CPSC) - Abbreviation for the US 
Consumer Product Safety Commission. 


US Department of Transportation - See Department 
of Transportation. 


US DOT - (Also DOT) - Abbreviation for the US De- 
partment of Transportation. 


US Occupational Safety and Health Administration 
See Occupational Safety and Health Administration. 


US OSHA - (Also OSHA) - Abbreviation for the US 
Occupational Safety and Health Administration. 


USC - Abbreviation for United States Codes. 


uv - (Also UV) - Abbreviation for ultraviolet. 
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Valence - An expression of the capacity of atoms to 
combine in definite proportions. For example, hydro- 
gen normally only forms a bond with one other atom; 
accordingly, its valence is 1. Similarly, carbon can 
form four bonds with hydrogen, giving it a valence of 
4. For charged atoms (ions) or ionic groups, valence 
is synonymous with the magnitude and sign of the 
charge. For example, barium ions (Ba™) have a va- 
lence of +2, and chlorate ions (CIO; ) have a valence 
of —1. Accordingly, barium chlorate is formed with a 
ratio of two chlorate ions for each barium ion. Be- 
cause chemical bonds are produced by the outer elec- 
trons in atoms, these electrons are often referred to as 
valence electrons. (Also see Chemical Bond.) 


Velocity of Detonation - (Also VOD) - The speed of 
the reaction front (shock wave) in a detonation. Typi- 
cal velocities of detonation range from approximately 
2,000 to 9,000 m/s (6,000 to 28,000 ft/s). 


Velocity of Propagation - (Also VOP) - A term occa- 
sionally used for the linear reaction rate within a py- 
rotechnic material. This term is valid for both a de- 
flagration and detonation. 


Velostat™ - Polyethylene heavily loaded with conduc- 
tive carbon. It is used as a conductive plastic to avoid 
potentially dangerous accumulations of electrostatic 
charge. 


Vieille’s Law - It relates pyrotechnic burn rate to am- 
bient pressure. It states that the linear burn rate (R) of 
a pyrotechnic material or propellant, at constant tem- 
perature, is proportional to some power of ambient 
pressure (P). Expressed as an equation: 


R=a-P>®, 


where a and b are constants that depend on the nature 
of the pyrotechnic material. Further, b is sometimes 
referred to as the “pressure exponent.” For Black 
Powder, with the burn rate in mm/s and pressure in 
atmospheres, a = 12.1 and b = 0.24. 


Visco Fuse - (Also Hobby Fuse and Cannon Fuse) - 
The familiar lacquer and thread covered fuse which is 
used on many consumer fireworks. It is approxi- 
mately 3/32-inch (2.4 mm) in diameter, has a core of 
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Black Powder, and is coated with nitrocellulose lac- 
quer, usually colored green or red. Visco fuse burns 
at approximately 2.5 s/in (0.1 s/mm). 


Powder Core Thread 
Inner Thread Wrap 
Outer Thread Wrap 


Powder Core 
Nitrocellulose 
Lacquer Coating 


Visible Light - See Light. 
Visible Light Spectrum - See Color Spectrum. 


Visible Spectrum - That portion of the light spectrum 
to which human eyes respond. It ranges from red 
light (approximately 650 nm wavelength) to violet 
light (approximately 400 nm). (Also see Color Spec- 
trum.) 


VOD - Abbreviation for Velocity of Detonation. 
Volley - See Flight (Fireworks). 


Voltage - (Also Potential and Potential Difference) - 
That attribute of electricity which induces the flow of 
an electric current. It is somewhat analogous to pres- 
sure that causes the flow of water through a pipe. The 
unit of voltage is the volt which has the symbol V. A 
potential of one volt causes a current of one ampere 
to flow through a circuit that has a resistance of one 
ohm. (Also see Current, Resistance, and Ohm’s 
Law.) 


VOP - Abbreviation for Velocity of Propagation. 
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W - Symbol for watt. 
Wallpaper Paste - See Wheat Paste. 


Warehouse - A building for storage, but in which no 
pyrotechnic or explosive materials are present. A 
warehouse is not a process building. 


Warhead - See Fireworks Rocket Heading, preferred 
terminology. 


Warimono Shell - A hard breaking spherical aerial 
shell that produces a symmetrical spread of stars. Fol- 
lowing is a listing of typical spread diameter for stars 
from high quality Warimono shells (Shimizu.) 


Shell Spread 
Size (in.) Diameter (ft.) 
3 260 
4 340 
5 420 
6 510 
8 820 
10 860 
12 890 
For SI Units: 1 in. = 25.4 mm, and 
1 ft. = 0.30 m. 


The most common examples of Warimono shells are 
Chrysanthemum and Peony shells. The hard break is 
achieved through the use of a fairly rapid burning 
break charge which is confined with many layers of 
pasted paper. 


Normally the stars are propelled with sufficient force 
that they burn out before they droop noticeably due 
to gravity. When the stars burn long enough to ob- 
serve a slight droop, the shells are described as a 
Diadem Shell. If the stars burn a very long time, pro- 
ducing a very substantial drooping, the shell is a Ka- 
muro Shell. 


If the stars are arranged to display a pattern or figure 
after the shell bursts, it is a pattern shell. If the stars 
are dazzlingly bright, the shell is a Dahlia Shell. If 
the shell has been coated on its exterior with comet 
composition, it is a Tiger-Tail Shell. If the stars end 
in a momentary bright flash, that effect is termed En- 
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circled Dews. (Also see Petal and Pistil.) (Contrast 
with Poka Shell.) 


Water Glass - See Sodium Silicate. 


Water of Hydration - A water molecule bound to a 


chemical compound. Some chemical compounds tend 
to form aggregates with water molecules in fixed 
proportions. Further, when these materials are crys- 
tallized, the water molecules are incorporated as part 
of the crystal structure. Barium chlorate is an exam- 
ple of a chemical that forms a one to one aggregate 
with water. The incorporation of water is indicated 
with a dot in the chemical formula, e.g., 


Ba(ClO3), = H,0. 


If no water of hydration is present, the material is 
said to be anhydrous (without water). The hydration 
of a compound is generally an exothermic reaction. 
This explains why, after the addition of water, plaster 
of Paris (CaSO) becomes warm upon curing. 


When using a chemical that contains absorbed water, 
the composition produces somewhat less energy upon 
burning. The reason is that energy is consumed in the 
process of driving off the absorbed water. Thus, hy- 
drated chemicals are not as energetic as their anhy- 
drous counterparts. (Also see Hygroscopic.) 


Waterfall - (Falls, Niagara Falls, Park Curtain) - An 


effect which results in a cascade of sparks produced 
by multiple devices that are fired simultaneously. 
Waterfall compositions typically contain an excess of 
large aluminum flakes that produce a long lasting flit- 
ter effect, although other types of metal powders are 
sometimes used. 


In fireworks: Waterfalls are commonly hung from a 
wire suspended between two poles as the following 
illustrates. 


Support Wire a Waterfall Tubes 


l Quickmatch 
Chain-fusing 
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Watt - The SI unit of power (or rate of energy produc- 
tion); equal to 1 joule/second; equal to 1 volt ampere. 


Wavelength - The distance between two successive 
peaks (or other recurring features) of a wave. 


Value 


A = Amplitude 
W = Wavelength 


Distance 


Weld, Fillet - A weld in which the added weld mate- 
rial is placed in the angle formed between the two 
pieces of material being welded. For securing mortar 
plugs, a fillet weld produces a much stronger weld 
than the alternative, a butt weld. (See Mortar Plug for 
an illustration of a fillet weld.) 


Well-Rotted Clay - Any clay that has been moistened 
with several percent water and then sealed in a con- 
tainer to allow the moisture to distribute throughout 
and into the clay granules. 


Wheat Paste - (Also Wallpaper Paste) - A type of 
adhesive made by boiling wheat starch in water, 
which is then dried and powdered. Typically, the 
paste is prepared by stirring the dry powder into cold 
water. The paste thickness is determined by the water 
to paste ratio; however, the adhesive tends to con- 
tinue thickening for several minutes after initial mix- 
ing. Besides being inexpensive, its principal advan- 
tages are its ability to soak into kraft paper and its 
slipperiness. Both attributes make it near ideal for 
finishing (pasting) aerial shells, especially spherical 
shells where many layers of pasted paper are re- 
quired. 


Wheel - A revolving firework device fixed by an axle 
to a post above ground. When ignited, the attached 
drivers produce thrust, which causes the wheel to 
spin, producing patterns of sparks. The following is 
an illustration of a very simple wheel. 
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<—— Gerb-like 
Tube (Driver) 


Direction of 
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oF Spray of 


S&S <— Sparks 


Axle 


Wheel Driver - See Driver. 


Whistle - (Also Titanium Whistle) - A device that pro- 
duces a whistling sound by the burning of a pyrotech- 
nic composition. Most commonly, the primary ingre- 
dients in whistle composition are potassium perchlo- 
rate and either sodium benzoate, potassium benzoate, 
or sodium salicylate. The composition is pressed into 
a tube and is recessed from the end, as the following 
illustrates. 


Tube 
(Casing) 


UO, 
x SR J 


SOS 
SSL 


Whistle 
Composition 


, 


<7 
<3 


, 


QOL 
o 

QR 
3 


SRR 


<7 
<3 


, 


Clay Plug 


The whistling sound is produced by a combination of 
oscillatory burning of the composition plus sound re- 
flecting up and down the length of the tube above the 
burning surface. This is illustrated in the following 
figures. 


adiated Wave 


Reflected Wave 
Whistle 


Tube ——~ 
Presure 
Wave 
Burning 
Whistle 


all a) (=) (©) (>) (=) 


In (A) a pressure wave rises in the tube, soon reaching 
the top in (B). At that time part of the pressure wave 
exits the tube, and part is reflected back down the tube 
(C). When the pressure wave reaches the burning sur- 
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face (D), it stimulates increased burning and is re- 
flected back up the tube (E). This process is repeated 
over and over in very rapid succession. 


As the whistle composition is consumed, the length 
of the tube above the burning surface, increases. This 
increasing length means that more time is required 
for each round trip of the pressure (sound) wave. As a 
result, the perceived pitch of the whistle decreases. 


Whistles often contain titanium, which produces a 
white spark effect in addition to the whistle effect. 
These devices are referred to as Titanium Whistles. 


White Glue - In the past an adhesive derived from 
casein, a colloidal aggregate composed of several 
proteins in milk. At present, many white glues use 
polyvinyl alcohol for their adhesive properties. 


White glue’s principal advantage is that it easily 
penetrates porous materials such as paper and wood. 
Also after curing, it is somewhat water resistant. Its 
greatest disadvantage is that it shrinks on setting; 
thus, when applied too thickly, gaps (fire leaks) may 
be produced. (Also see Carpenter’s Glue.) 


Whizzer - See Hummer. 


Willow Charcoal - A fine, low-density reactive char- 
coal derived from the wood of willow trees. In the 
past willow charcoal was used for manufacturing 
Black Powder and related fireworks compositions. 


Willow Shell - A relatively soft breaking aerial display 
shell that contains trailing stars which form a droop- 
ing pattern in the sky, giving an appearance reminis- 
cent of a weeping willow tree. Commercially, willow 
shells may produce large symmetrical shell bursts or 
small sprays of only a few stars. 


Wire, Electrical - See Electrical Wire. 
Wood Alcohol - See Methanol. 


Wood Meal - A light amber powder from wood. 


In fireworks: Wood meal is used as a filler and thick- 
ener for glue. Occasionally it is used as the fuel in 
lance compositions. 


Wrap, Paste - See Pasting. 
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-X-Y-Z- 
Zinc - [Zn] - A chemical element; a gray reactive metal; 
has a hexagonal crystal structure. 


In fireworks: Occasionally zinc powder (dust) is used 
to make spreader stars. 


In military pyrotechnics: Zinc powder has been used 
as a fuel in screening smoke. 


In rocketry: Zinc has been used with sulfur to make a 
low specific impulse propellant. 


Hazard ratings: Health [1], Flammability [3], Reac- 
tivity [2], and Contact [1]. 


Zine Oxide - [ZnO] - A chemical compound; a white 
powder; has a hexagonal crystal structure. It occurs 
as the mineral zincite. 


In fireworks: Occasionally zinc oxide is used in smoke 
compositions and in pyro-adhesive. 


Hazard ratings: Health [2], Flammability [0], Reac- 
tivity [0], and Contact [0]. 


Zip Wire - See Electrical Wire. 

Zirconium - [Zr] - A chemical element; a silver gray 
metal; capable of producing white sparks much like 
titanium. 


Zn - Chemical symbol for the element zinc. 


Zr - Chemical symbol for the element zirconium. 


The Support of: 


Skylighter, Inc. (Formerly KSI Supplies) 
Most Complete Pyrotechnic Supply Co. in US 


Lantis Fireworks & Lasers 
Professional, Dependable, Masters of our Craft 


Stressau Laboratory Inc. 
Independent Laboratory Test Services 


is gratefully acknowledged. 


Page 132 


NOTES 


Illustrated Dictionary of Pyrotechnics 


REFERENCES 


Recommendations on the Transport of Dangerous 
Goods — Tests and Criteria. Second Edition, United 
Nations, New York, ST/SG/AC.10/11/Rev.1, 1990. 


Avallone, E.A. and Baumeister III, T., Eds. Mark’s 
Standard Handbook for Mechanical Engineers. 9th 
edition. New York: McGraw-Hill Book Co., 1987. 


Bailey, A and Murray, S.G. Explosives, Propellants, 
And Pyrotechnics. New York: Permagon Press, 
Inc., 1989. 


Baker, J.T. Catalog of Laboratory Reagents And 
Chromatography Products. Phillipsburg, NJ: J.T. 
Baker, 1991. 


Beiser, A. Concepts of Modern Physics. New York: 
McGraw-Hill Book Company, Inc., 1963. 


Bureau of Alcohol Tobacco and Firearms. ATF- 
Explosives Law And Regulation. US Government 
Printing Office: ATF P 5400.7, 1990. 


Conkling, J.A. Chemistry of Pyrotechnics. New York: 
Marcel Dekker, Inc., 1985. 


Davis, T. The Chemistry of Powder And Explosives. 
Hollywood, CA: Angriff Press, 1943. 


Department of the Army. Military Explosives, Depart- 
ment of the Army Technical Manual TM 9-1300-214, 
Headquarters, Department of the Army, 1984. 


Grant, R. and Grant, Claire, eds. Grant and Hackh’s 
Chemical Dictionary. 5th edition. New York: 
McGraw-Hill Book Company, 1987. 


Halliday, D. and Resnick, R. Fundamentals of Physics. 
New York: John Wiley & Sons, Inc., 1974. 


Hanlon, J.F. Handbook of Package Engineering. New 
York: McGraw-Hill Book Company, 1971. 


Institute of Makers of Explosives (IME). Safety Li- 
brary Publication. Washington, DC: Institute of 
Makers of Explosives, 1991. 


Kinney, G.F. and Graham, K.J. Explosive Shocks in 
Air. New York: Springer-Verlag, 1985. 


Lide, D.R. and Frederiske, H.P.R., eds. CRC Hana- 
book of Chemistry And Physics. Ann Arbor, MI: 
CRC Press, 1994. 


Illustrated Dictionary of Pyrotechnics 


Marks, R.W. The New Dictionary and Handbook of 
Aerospace. New York, NY. Frederick A. Praeger, 
1969. 


McLain, J.H. Pyrotechnics from the Viewpoint of Solid 
State Chemistry. Philadelphia, PA: The Franklin In- 
stitute Press, 1980. 


Meyer, R. Explosives. 3rd. rev. and extended ed. New 
York: VCH, 1987. 


Mohard, R.C. Explosives And Rock Blasting. Dallas, 
TX: Atlas Powder Company, 1987. 


Moses, A.J. The Practicing Scientist’s Handbook. New 
York: Van Nostrand Reinhold Company, 1987. 


NFPA 1122-1994. Code for Model Rocketry. Quincy, 
MA: National Fire Protection Association, 1994 


NFPA 1123-1990. Code for the Outdoor Display of 
Fireworks. Quincy, MA: National Fire Protection 
Association, 1990 


NFPA 1124-1988. Code for the Manufacture, Trans- 
portation And Storage of Fireworks. Quincy, MA: 
National Fire Protection Association, 1988 


NFPA 1126-1992. Standard for the Use of Pyrotech- 
nics Before a Proximate Audience. Quincy, MA: 
National Fire Protection Association, 1992 


NFPA 11271995 Code for High Power Rocketry. 
Quincy, MA: National Fire Protection Association, 
1995 


NFPA 495-1992. Explosive Materials Code. Quincy, 
MA: National Fire Protection Association, 1992 


Omega. The Temperature Book. Stamford, CT: Omega, 
1989. 


Sax, N.I. and Lewis, Sr., R.J. Hawley’s Condensed 
Chemical Dictionary. 11th ed. New York: Van 
Nostrand Reinhold Co., 1987. 


Shidlovskiy, A.A. Principles of Pyrotechnics. 3rd ed. 
[translated from Russian]. Mashinostroyeniye Press, 
1964. 


Shimizu, T. Fireworks from a Physical Standpoint. 
Parts I, If, II, and IV. Austin, TX: Pyrotechnica 
Publications, 1981, 1983, 1985, and 1989. 


Shimizu, T. Fireworks the Art Science and Technique. 
Tokyo: Maruzen, 1981. 


Page 133 


Student-Bilharz, Barbara, Parat, Dictionary of Blasting 
Technology, English/German/French, VCH Publish- 
ers, New York, USA. 


Sutton, G.P. Rocket Propulsion Elements, an Introduc- 
tion to the Engineering of Rockets. 5" ed. New 
York: John Wiley & Sons, 1986. 


Thewlis, J. Concise Dictionary of Physics And Related 
Subjects. 2nd ed., revised and enlarged. New York: 
Permagon Press, Inc., 1979. 


Tweney, C.F. and Hughes, L.E.C., eds. Chambers’s 
Technical Dictionary. 3rd edition revised with sup- 
plement. New York: The Macmillan Company, 1965. 


NOTES 


Page 134 


NOTES 


Illustrated Dictionary of Pyrotechnics 


The publishers of The Illustrated Dictionary of Pyrotechnics wish to express a sincere 
“THANK YOU?” to the following Sponsors: 


Allied Specialty Insurance 
10451 Gulf Blvd. 
Treasure Island, FL 33706 


Phone: 800-237-3355 
FAX: 813-367-1407 


American Fireworks News 
HC 67 Box 30 
Dingmans Ferry, PA 18328-9506 


Phone: 717-828-8417 
FAX: 717-828-8695 


Anonymous Supporter 


Atlas Enterprises, Inc. 
6601 Nine Mile Azle Road 
Ft. Worth, TX 76135 


Phone: 817-237-3371 
FAX: 817-237-3374 


Ed Brown 


Burning Sage Publications 
4247 Alder Drive 
San Diego, CA 92116-2355 


Phone: 619-284-3784 
FAX: 


Canadian Explosives Research Lab. 
CANMET 

Ottawa, Ontario K1A OG1 

Canada 


Phone: 613-995-1275 
FAX: 613-995-1230 


Coonie’s Explosives & Black Powder Inc. 


Box 2062 - 512 E. Lea 
Hobbs, NM 88240 


Phone: 800-713-6321 
FAX: 505-393-6060 


Illustrated Dictionary of Pyrotechnics 


Daveyfire, Inc. 
7311 Greenhaven Drive - Suite #100 
Sacramento, CA 95831 


Phone: 916-391-2674 
FAX: 916-391-2783 


Delcor Industries Inc. - Sam Bases, Pres. 
19 Standish Ave. 
Yonkers, NY 10710 


Phone: 914-779-6425 
FAX: 914-779-6463 


Eldon Hershberger 
15707 Allen Ave. 
Belton, MO 64012 


Phone: 816-331-5297 


Empire Specialty Products 
4533 Foster Valley Rd. 
Endicott, NY 13760 


Phone: 607-748-0667 
FAX: 607-748-0899 


Fireworks 

68 Ridgewood Gardens 
East Sussex, TN40 1TS 
United Kingdom 


Phone: 44-424-219-259 


Fireworks and Stage FX America 
P.O. Box 488 
Escondido, CA 92040-0488 


Phone: 619-737-8658 
FAX: 619-737-0861 


Gary Fadorsen, Pyrotech International, 
Inc. 

P.O. Box 206 

Macedonia, OH 44056-0206 


Phone: 216-468-2261 
FAX: 216-468-1026 


Page 135 


Goex, Inc. 
1002 Springbrook Ave. 
Moosic, PA 18507 


Phone: 717-457-6724 
FAX: 717-457-1130 


Iowa Pyro Supply 
1609 Twin Valley Drive 
Solon, IA 52333 


Phone: 319-848-4008 


Island Fireworks Co. Inc. 
N735 825th St., Island Road 
Hager City, WI 54014 


Phone: 715-792-2283 
FAX: 715-792-2640 


Journal of Pyrotechnics, Inc. 
1775 Blair Road 
Whitewater, CO 81527 


Phone: 970-245-0692 
FAX: 970-245-0692 


Kastner Pyrotechnics & Fwks. Mfg. Co. 


Rt 3, 938 Logtown Road 
Mineral Point, WI 53565 


Phone: 608-943-6287 
FAX: 608-943-6287 


Lantis Fireworks & Lasers 
P.O. Box 491 
Draper, UT 84020 


Phone: 801-571-2444 
FAX: 801-571-3516 


Luna Tech, Inc. 
148 Moon Drive 
Owens Cross Roads, AL 35763 


Phone: 205-725-4225 
FAX: 205-725-4811 


Page 136 


Marv Kohler Enterprises, Inc. 
1739 South Ingalls 
Grand Island, NE 68803 


Phone: 308-384-4238 
FAX: 308-382-1301 


Mighty Mite Marketing 
122 S. 17th St. 
La Crosse, WI 54601-4208 


Phone: 608-782-3212 
FAX: 608-782-2822 


Nobel Insurance Group 
8001 LBJ Freeway 
Dallas, TX 75251-1301 


Phone: 800-766-6235 
FAX: 214-243-2975 


Obron Atlantic Corp. 
P.O. Box 747 
Painesville, OH 44077-0747 


Phone: 800-556-1111 
FAX: 216-354-6224 


OXRAL, Inc. 
P.O. Box 160 
Owens Cross Roads, AL 35763 


Phone: 205-725-4225 
FAX: 205-725-4811 


PVP, Inc. 
12 South Miami St. 
West Milton, OH 45383 


Phone: 513-698-4823 
FAX: 513-698-6203 


Pyro Marketing, Inc. 
8207 South 1280 East 
Sandy, UT 84094 


Phone: 801-255-7776 
FAX: 801-255-7779 


Illustrated Dictionary of Pyrotechnics 


Pyro Shows, Inc. 
P.O. Box 1406 
LaFollette, TN 37766 


Phone: 800-662-1331 
FAX: 615-562-9171 


Pyro Spectaculars, Inc. 
P.O. Box 2329 
Rialto, CA 92377 


Phone: 800-322-7732 
FAX: 909-355-9813 


PyroLabs, Inc. 
1775 Blair Road 
Whitewater, CO 81527 


Phone: 970-245-0692 
FAX: 970-245-0692 


Pyrotecnico 
P.O. Box 149 
New Castle, PA 16103 


Phone: 412-652-9555 
FAX: 412-652-1288 


Skylighter, Inc. (Formerly KSI Supplies) 
P.O.Box 480 
Round Hill, VA 22141 


Phone: 703-554-4543 
FAX: 703-554-2849 


Special F/X Inc. 
P.O. Box 293 
South Bound Brook, NJ 8880 


Phone: 908-469-0519 
FAX: 908-469-1294 


Standard Fireworks 
Standard Drive 
Huddersfield, HD4 7AD 
United Kingdom 


Phone: 44-1484-640-640 
FAX: 44-1484-658-039 


Illustrated Dictionary of Pyrotechnics 


Stresau Laboratory Inc. 
N 8265 Medley Rd. 
Spooner, WI 54801 


Phone: 715-635-2777 
FAX: 715-635-7979 


Sunset Fireworks Ltd. 
10476 Sunset Drive 
Dittmer, MO 63023 


Phone: 314-274-1500 
FAX: 314-274-0883 


Syd Howard’s Fireworks Internat’l Pty. Ltd 
420 Halcrows Road 

Glenorie, New South Wales, 2157 

Australia 


Phone: 61-2-652-2244 
FAX: 61-2-652-1581 


Theatre Effects Inc. 
642 Frederick St. 
Hagerstown, MD 21740 


Phone: 301-791-7646 
FAX: 301-791-7719 


Tri-Ess Sciences, Inc. 
1020 W. Chestnut St. 
Burbank, CA 91506 


Phone: 818-848-7838 
FAX: 818-848-3521 


Western Pyrotechnics, Inc. 
2796 Casey Road 
Holtville, CA 92250 


Phone: 619-356-5426 
FAX: 619-356-2051 


Page 137 


NOTES NOTES 


Page 138 Illustrated Dictionary of Pyrotechnics 


